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ABSTRACT 
The Bioarchaeology of Instability: Violence and Environmental Stress during the Late Fort 
Ancient (AD 1425 – 1635) Occupations of Hardin Village 
by 
Amber Elaine Osterholt 
Dr. Debra L. Martin, Examination Committee Chair 
UNLV Distinguished Professor of Anthropology 
University of Nevada, Las Vegas 
 
 Conflict, poor health, environmental instability, captive taking, and culture change are all 
potential contributors for the abandonment of the Middle Ohio River Valley at the end of the 
Protohistoric Period in eastern North America.  This project investigated the relationship 
between these factors among the Fort Ancient community of Hardin Village.  The data presented 
in this study use bioarchaeological analysis to reveal how environmental and cultural instability 
influenced communities to leave their homeland.  Bioarchaeology was well suited for this 
investigation because it links the most direct evidence of violence and poor health and nutrition 
(skeletal injuries and evidence of disease) to archaeological reconstructions of past lifeways. 
 A comprehensive assessment of the health, nutritional status, activity levels, and 
traumatic injury at Hardin Village was completed using the data from a sample of 403 adult and 
subadult human burials.  The findings of this study demonstrated nutritional deficiency and 
violent conflict that were not documented for this site in previous studies.  This project found 
insufficient diets, violent encounters, and a relatively low age at death for the population.  
Results indicated that children, especially those of weaning age between one and five years old, 
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and young adults had particular difficulty maintain necessary resources and avoiding violent 
conflict.  Just over 10 percent (11.7%) of the population at Hardin Village lived beyond age 30. 
 The results showed that interpersonal violence was a fact of life for the people living at 
Hardin Village.  Evidence of lethal and non-lethal trauma, including instances of injury 
recidivism, where individuals were victimized repeatedly, showed that warfare and raiding were 
endemic to the Fort Ancient region.  There was some evidence of captive-taking at the earlier 
occupied 15th century portion of the site, however no evidence was found of excessive captive-
taking from Hardin Village during the late Protohistoric occupation.  This did not support 
ethnohistoric documents which suggest that captive taking by other indigenous groups was a 
primary motivator for the abandonment of the Middle Ohio River Valley.  Instead, resource 
stress, poor nutrition, and endemic violence are stronger candidates for driving the abandonment 
of the Middle Ohio River Valley by Fort Ancient communities like Hardin Village. 
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CHAPTER 1: INTRODUCTION 
Explaining abandonment and depopulation in areas of North America that were formerly 
inhabited by successful prehistoric cultures is of interest because it is often difficult to 
understand the factors that contribute to such population changes.  Depopulation and migration 
are global phenomena that create hardship and suffering for those who must leave their 
homelands.  In the Middle Ohio River Valley, located in what is referred to as the Eastern 
Woodlands region, there was widespread abandonment of what was once a thriving set of 
interconnected communities between AD 1400 – 1700.   There are many theories in the literature 
about the causes of that abandonment – these include factors such as raiding and warfare among 
indigenous communities (Milner, 1999; Warren, 2014), resource depletion (Cook, 2017; Warren, 
2014), and excessive captive-taking from the region by other indigenous groups (Lauber, 1913; 
Redmond & Ruhl, 2002; Warren, 2014).  Added to this was the overall stress of colonial contact 
and the changes that this brought to the region (Cook, 2017; Warren, 2014).  
 While these factors may have worked together or separately to push people out of their 
former homelands, the evidence cited is largely based on archaeological reconstruction.  An 
additional line of evidence is provided by this study, which focuses on the burials from Hardin 
Village associated with the portions occupied just before and during colonial contact.  The 
human remains offer another window through which to understand the motivations to leave the 
region.  Bioarchaeological analysis of human remains provides a great deal of additional 
information on age-at-death, general health status, nutritional adequacy, and trauma that can 
indicate interpersonal violence or occupational risks. 
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 The burials in this study come from Hardin Village, located on the south side of the Ohio 
River in present day Greenup County, Kentucky.  Hardin Village was connected with nearby 
Fort Ancient communities such as Buffalo and Madisonville (Figure 1.1).  The human remains 
from Hardin Village are one of the largest and most intact of all of the burial collections 
available from the Fort Ancient region.  The burials are from the time periods covering AD 1400 
through to abandonment in AD 1635 (Davidson, 2016: 451). 
Figure 1.1 Map of the Fort Ancient Region with selected sites, including Hardin Village. 
Reproduced with permission from C. Moore (2014). 
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 Different forms of violence were most certainly operating within Hardin Village, between 
villages within the Fort Ancient region, and between outside groups and the Fort Ancient.  
Archaeologists have documented an increasing use of palisades and other defensive structures at 
Fort Ancient sites (Milner, 1999; Moore & Raymer, 2014: 185).  Burials from the Buckner and 
Buffalo sites (see Figure 1.1) as well as other sites have shown cases of both lethal and nonlethal 
violent injuries in the form of cranial fractures and embedded projectile points (Lallo, 1982; 
Metress, 1971; Robbins, 1971).  Ethnohistoric documentation and other archival narratives 
suggested that the Fort Ancient villages were frequent sites of raiding from outsiders who 
captured possibly as many as 400 men, women, and children at a time to be taken as captives and 
enslaved laborers (Lauber, 1913: 29). 
Most scholars agree that violence is highly culturally specific and socially constructed 
(Brickley & Smith, 2006; Martin & Harrod, 2015; Whitehead, 2004).  Interpreting the meaning 
of past violence requires understanding both the social roles of the individuals involved and the 
cultural norms and practices which emphasized that violence was the proper response in a given 
situation (Galtung, 1990; Martin & Harrod, 2015).  Acts of violence were compelled by the 
social systems which gave them meaning and were representative of the relationships and social 
identities that they symbolized (Whitehead, 2004).  Skeletal remains embody these acts in 
different ways; unequal access to power and resources might manifest as decreased stature and 
other nutritional deficiencies while slavery and captivity might be observed as differential 
mortuary treatment and numerous skeletal injuries.  Victims and witnesses to violence may have 
responded by engaging in further violence, by reorganizing their space to be more defensive, by 
relocating themselves to other areas of their territory, or by abandoning their territory entirely 
(Schröder & Schmidt, 2001). 
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 Into this already stressful state of affairs was the likelihood that there was increasing 
climate instability in the 1500s, which made agriculture riskier than it had been in the past 
(Cook, 2017; McCullough, 1997).  As population increase and demographic pressures forced 
villages to intensify their agricultural output, the combination of climate change and resource 
stress would have made life in the Late Prehistoric Period challenging.  Having information on 
general health and dietary adequacies from Hardin Village provided a line of evidence regarding 
how these may have led to increased morbidity and mortality prior to and after colonial contact. 
Research Strategy 
 The goals of this study were to provide additional lines of evidence about the final years 
prior to the abandonment of Hardin Village by focusing on data derived from human skeletal 
remains.  The questions raised by the research done in this region that still need to be addressed 
include how raiding and endemic warfare, captive taking, decreasing agricultural potential and 
colonization directly affected the morbidity and mortality of people living during this time.  The 
data collection strategy used was tailored to this problem with a focus on indicators of disease 
and dietary stress as well as trauma, injury, and early death using well established standards 
developed from forensic and paleopathological literature (see for example Buikstra and 
Ubelaker, 1994; Komar and Buikstra, 2008; Lovell, 1997; Ortner, 2003).  In addition to health 
and trauma, data were collected on activity patterns by assessing lesions at the sites where 
muscle groups were being habitually used (Mariotti et al., 2007).  Contextualizing the data from 
Hardin Village with published data from contemporary sites within and outside of the region 
provided insight into the uniqueness of the individuals at Hardin Village. 
 Hypotheses were formulated that could be directly addressed with the skeletal data.  The 
first sets of hypotheses had to do with the effects of climate change and unstable weather patterns 
5 
 
on farming, and how this may have affected nutritional adequacy, growth and development in 
children, and infant mortality.  Did indicators of poor diet show change over time?  Were there 
subgroups (such as infants and children) who were more at risk in later versus earlier time 
periods? 
 Building on evidence of diet and climate change are questions about activity levels and 
labor related to subsistence strategies - identified through markers of activity and stress.  Did 
activity levels change through time?  Were changes in subsistence strategy reflected by changes 
in activity level?  Were there changes in one subgroup (such as males or females) that were not 
seen in others? 
 In addition to questions about climate, diet, and activity are questions about the kinds and 
extent of trauma related to interpersonal violence found in groups over time and at abandonment.  
What kinds of trauma were present at Hardin Village; was that trauma primarily lethal or non-
lethal?  Did the rates of trauma change through time at Hardin Village?  Were there subgroups 
(such as women) who were most at risk for trauma?  Did trauma correspond with increased labor 
and/or nutritional inadequacy? 
 By comparing skeletal indicators through time, this project explored the factors that 
contributed to widespread loss of indigenous life and the disruption of indigenous lifeways, 
including the broader impact of colonialism.  The data from Hardin Village were compared to 
the available data from other Late Fort Ancient and Protohistoric sites in the Middle Ohio River 
Valley that would have had similar physical environments and social structures to Hardin 
Village.  By comparing Hardin Village to these other sites, it was also possible to identify 
patterns of poor health, resource stress, labor demands, and violent injury that extended across 
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the Middle Ohio River Valley and may have been contributing factors to the abandonment of the 
Middle Ohio River Valley by the Fort Ancient.  
 This dissertation is laid out in the following manner.  Chapter Two covers the 
archaeological background and cultural context of Hardin Village and the broader Fort Ancient 
region.  Chapter Three presents the materials and methods in detail.  Chapter Four covers the 
results of the skeletal analysis of the remains from Hardin Village.  Chapter Five presents a 
discussion of the results of the skeletal analysis, while Chapter Six presents the conclusions of 
this dissertation.  Burial descriptions, data collection sheets, and the data collection manual are 
provided in the appendices. 
 This research provides new understandings about the Late Fort Ancient Period in the 
Middle Ohio River Valley.  The skeletal evidence is able to shed light on many of the reasons 
which may have prompted the abandonment of the Middle Ohio River Valley by the Fort 
Ancient culture by the early 1700s.  In addition, this research project is able to provide unique 
insights into the variety of motivations people have for abandoning their homelands – a global 
phenomenon currently impacting more than 65 million individuals (UNHCR, 2016). 
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CHAPTER 2: ARCHAEOLOGY OF THE MIDDLE OHIO RIVER VALLEY 
The area in which the Fort Ancient peoples lived has been inhabited for thousands of 
years by a wide variety of different people with different world views.  The Fort Ancient culture 
was a product of hundreds of years of cultural development in the Middle Ohio River Valley, 
starting at least as early as the Middle Woodland Period.  Change happened slowly in the Middle 
Ohio River Valley and key features of the Fort Ancient lifeway began during earlier periods of 
occupation, therefore this chapter begins with an overview of the first 8,000+ years of habitation 
in the Middle Ohio River Valley.  This brief overview leads to more a more in-depth 
presentation of the Middle and Late Woodland Periods before discussing the Late Prehistoric 
Period where the Fort Ancient cultural sequence is discussed at length. 
A Brief Overview from Paleoindian to Early Woodland 
Like most places in North America, occupation of the Middle Ohio River Valley began 
sometime during the Paleoindian Period.  By approximately 10,000 years before present (YBP), 
Native American groups have left lasting impressions on the landscape (Fowler, 1959; Meltzer, 
2009).  By the Middle and Late Archaic Periods in the Eastern Woodlands indications of a wider 
array of people employing a variety of mobility and subsistence strategies appeared across the 
region.  During the Middle Archaic Period (7,000 – 5,000 YBP) in Kentucky and Illinois, 
evidence from shell middens and burial mounds suggests that mobility strategies along major 
waterways were trending towards sedentism (Moore, 2011; Buikstra & Charles, 1999; Charles & 
Buikstra, 1983).  The Eastern Woodlands during this time was characterized by the Mid-
Holocene Hypsithermal Period – a mostly warm and wet climate.  This climate allowed 
populations to settle along major riverine areas in the Eastern Woodlands and engage in 
monumental construction, warfare, and long-distance trade networks (Anderson, 2004).  
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By the Late Archaic (5,000 – 2,500 YBP), dense population aggregations appeared in 
most areas of the Eastern Woodlands (Bender, 1985).  These aggregations were characterized by 
widespread trade of raw materials, finished goods, and stylistic elements—like the bone pins 
traded across the Ohio and Wabash Rivers (Jefferies, 2004).  Jefferies (2004) argues that the 
trade of these products between different settlements, the creation of middle-men, and the rise in 
inequality may have led to the rise in social complexity seen clustered throughout the region.  
The Poverty Point interaction network represented the culmination of economic intensification 
for the Late Archaic Period (Sassaman, 1995).  However, the interaction networks that focused 
on exchange of goods were also accompanied by increased violence during this time (Sassaman, 
1995).  Sassaman (1995) and Schmidt and colleagues (2010) see increased rates of violent death 
and exchange of violent practices during this time. 
The Early Woodland Period (3,000 – 1,800 YBP) marked a radical departure from the 
status quo of the Late Archaic Period in the Eastern Woodlands.  The transition to the Early 
Woodland Period was heralded by the development and use of pottery (Anderson & Mainfort, 
2002; Railey, 1996).  By the Early Woodland Period, the Mid-Holocene Hypsithermal Period 
that allowed Middle and Late Archaic hunter-gatherers to coalesce along river valleys has long 
been over (Anderson, 2001).  Poverty Point, the large site central to the major interaction 
network has "collapsed" and interaction networks have condensed or disappeared altogether 
(Anderson & Mainfort, 2002; Sassaman, 1995).  There was a marked return to a mobile hunter-
gatherer lifestyle throughout most of the region.  Groups tended to remain close to river valleys, 
if they were nearby, but also ranged into upland environments (Buikstra & Charles, 1999; Bareis 
& Porter, 1984).  Also apparent during this time was the intensification of horticulture practices 
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that arose during the Archaic, including domesticated cucurbits (likely used more for storage 
than eating) and cultigens of weedy seeds like species chenopodium (Railey, 1996). 
The Middle Woodland Period 
The Middle Woodland Period (200 B.C. – A.D. 400) in the Middle Ohio River Valley 
was marked by the development, expansion, and contraction of the Hopewell Interaction Sphere 
(Anderson & Mainfort, 2002).  The Hopewell Interaction Sphere had a few significant features 
including the exchange of goods, raw materials, and religious activity as well as material culture 
and iconography which were shared over a broad expanse of the Eastern Woodlands (Anderson 
& Mainfort, 2002).  Burial mound construction increased during this time (Anderson & 
Mainfort, 2002).  Higher status individuals were likely present within Hopewell communities, 
but these positions were achieved rather than ascribed (Anderson & Mainfort, 2002).  Recent 
arguments suggest that rather than a pan-Eastern Woodlands culture where each member adopts 
all facets of Hopewellian culture, it was instead a "broad veneer of Hopewellian exchange, 
iconography, and ritual...overlain on some, but not all, Southeastern communities (Anderson & 
Mainfort, 2002: 9; Carr, 2006; Pacheco & Dancey, 2006)."  
In the Middle Ohio River Valley, Hopewell was demarcated by broadly similar patterns 
of subsistence and settlement (Pacheco & Dancey, 2006).  The Middle Ohio River Valley 
Hopewell possessed domesticated plants but were not entirely dependent upon them.  They 
utilized domesticated marsh elder, maygrass, erect knotweed, sunflower, squash, and 
chenopodium, but were also reliant upon naturally reproducing plants and animals.  Households 
maintained small garden plots cut from the surrounding deciduous forests.  These garden plots 
would have promoted the growth of hazelnuts and berries, major components of the Middle Ohio 
River Valley Hopewell diet, which thrive in disturbed contexts.  Raccoons and white tail deer 
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would have also preferred the open edges of the garden areas, increasing the number of readily 
available resources. 
Hopewell settlements in the Middle Ohio River Valley were dispersed and sedentary 
(Pacheco & Dancey, 2006).  Small communities consisted of household units that were dispersed 
across the landscape, but which shared a corporate space that was centrally located.  The 
corporate space consisted of mortuary facilities – both mounds and other facilities – earthen 
enclosures, and wooden architectural features.  Household structures were usually large and grew 
through time, expanding to include several generations.  Hopewell settlements also included 
temporary camps for the extraction of resources in a logistical mobility strategy.  These camps 
were usually small and were occupied short-term. 
Hopewell was not a single economic unit across the Eastern Woodlands – artifacts were 
produced locally – and were sourced directly rather than through extensive trade routes (Carr, 
2006).  Local groups interacted with other local and more distant groups in different ways and 
for different reasons as needs changed.  Hopewell was very much so a product of deep, 
foundational traditions, belief systems, and religions dating back centuries within the Eastern 
Woodlands (Carr, 2006).  These produced a very basic set of shared religious and philosophical 
ideals and their material expressions that facilitated local and interregional interactions (Carr, 
2006).  This foundation had its antecedent in the earlier Early Woodland and Archaic Periods 
and continued in the Eastern Woodlands through to the Historic Periods.  
The Late Woodland Period 
The Late Woodland Period in the Middle Ohio River Valley saw a scaling back of the 
patterns that developed during the Middle Woodland Period.  Once thought to represent a 
"devolution of a Middle Woodland lifestyle” (Emerson, McElrath, & Fortier, 2000: 5), the Late 
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Woodland instead represented a transformation into regionally distinct patterns of subsistence, 
settlement, material culture, and exchange.  While extra-local long-distance exchange outside of 
the region disappeared, regional exchange patterns diminished and contracted in scale but did not 
vanish entirely (Seeman & Dancey, 2000).  Settlement patterns and subsistence patterns became 
regionally distinct (Nassaney & Cobb, 1991; Pollack & Henderson, 2000; Seeman, 1992; 
Seeman & Dancey, 2000).  
Subsistence patterns shifted to focus on different types of resources, and became more 
locally specialized (Pollack & Henderson, 2000; Seeman & Dancey, 2000).  Across the Middle 
Ohio River Valley, reliance on nuts and cultigens like maygrass, sunflower, goosefoot, erect 
knotweed, tobacco, squash, gourds, and some maize along with others increased (Pollack & 
Henderson, 2000; Seeman & Dancey, 2000).  Faunal evidence suggests that white tail deer, bear, 
and elk were common game animals – similar to what was seen during the later Fort Ancient 
Periods (Pollack & Henderson, 2002; Seeman & Dancey, 2000).  The geography of the Middle 
Ohio River Valley lacks expansive flood plains and populations living there utilized far less 
aquatic resources (Pollack, Henderson, & Begley, 2002). 
The Late Woodland Period also saw changing settlement patterns in the Middle Ohio 
River Valley – larger villages began to appear, though smaller settlements remained (Pollack & 
Henderson, 2000).  Some settlements took the shape of dense midden rings surrounding a plaza, 
a village layout which persisted in the region into the Protohistoric Period.  There was also an 
increase in sites located in hard to access rock shelters and drainages, indicating an increased 
need for defense in this region (Pollack & Henderson, 2000).  
Terminal Late Woodland settlements (AD 800 – 900/1000) in eastern Kentucky saw 
drastic differences in size and permanence.  Some settlements were large, with hierarchical 
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organizations, mounds, and plazas (Pollack & Henderson, 2000).  Late Woodland settlements in 
southern Ohio were also large, with population estimates up to 100 people in some settlements 
(Seeman & Dancey, 2000).  Western Kentucky Late Woodland settlements were small; Pollack 
and Henderson (2000) and Seeman (1992), suggest that the fleeting nature of Terminal Late 
Woodland settlements in this area was due to the introduction of the bow and arrow which 
allowed for much higher mobility in the area than prior periods.  These differing levels of 
population density and mobility contributed to the different cultural trajectories of each region 
during the Late Prehistoric Period (AD 1000 – 1500).  Populations in western Kentucky were 
influenced by the Mississippian culture groups while populations in eastern Kentucky developed 
into the Fort Ancient culture group.  Both are important for contextualizing Late Prehistoric and 
Protohistoric interactions in the Middle Ohio River Valley. 
The Late Prehistoric Period 
The Late Prehistoric Period emerged around AD 1000 locally and was marked in the 
Ohio River Drainage by the emergence of the Mississippian, Oneota, and Fort Ancient cultures.  
The mound complex of Cahokia was the center of the Middle Mississippian world and 
influenced much of the Eastern Woodlands from Etowah, Georgia to Spiro, Oklahoma and 
beyond (Brown, 1971).  Increasingly, archaeological evidence suggests that the Mississippians, 
Oneota, and Fort Ancient people were engaged in a variety of interactions of varying degrees of 
intensity – including trade, migration, and even violent interactions like raiding, warfare, and 
captive taking.  
Fort Ancient 
The Fort Ancient Aspect was first defined and described in the late 1800s by Frederick 
Ward Putnam (1886) and Warren King Morehead (1890, 1892) after excavations of the Fort 
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Ancient mound and the Madisonville and Anderson sites in Ohio (Nagy, 2000).  Several other 
Fort Ancient sites were excavated under the direction of William S. Webb during the New Deal 
period of archaeology.  C. T. R. Bohannan excavated Hardin Village in 1939 (Bohannan, n.d.); 
other Fort Ancient sites excavated during this period include the Mayo, Creek-McCabe, and 
Buckner sites.  
Early archaeology suggested that Fort Ancient was an off-shoot of nearby Mississippian 
groups in western Kentucky (Griffin, 1966; Morgan, 1952).  Morgan (1952) suggested that the 
"Fort Ancient Aspect" represented a movement of Mississippians into the Scioto River Valley 
and early writings by Griffin and others (Griffin, 1966; Prufer & Shane, 1970) suggested that the 
Fort Ancient component completely replaced the Woodland people living in the Scioto River 
Valley.  
More recently, archaeologists (Essenpreis, 1978; Pollack & Henderson, 1992) have 
emphasized in situ development of Fort Ancient from Late Woodland populations already living 
in the Middle Ohio Valley with small, occasional migrations of Middle and South Appalachian 
Mississippians into the Fort Ancient borderlands (Cook, 2017; Cook & Schurr, 2009).  Griffin 
(1966) identified the Shawnee as possible descendants of Fort Ancient peoples, though much of 
the Middle Ohio River Valley was unoccupied when settlers reached the Ohio country in the 
1700s (Warren, 2014).  Multiethnic communities of Fort Ancient groups were present in central 
and southern Indiana and southern West Virginia (Davidson, 2016; McCullough, 2009). 
The Fort Ancient Cultural Sequence       
The Early Fort Ancient Period (AD 1000 – 1200) did not differ drastically from the Late 
Woodland Period that preceded it (Henderson, Pollack, & Turnbow, 1992).  House sizes, site 
sizes, and the form of pottery vessels changed little between the two periods (Henderson, 
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Pollack, & Turnbow, 1992).  Settlements usually consisted of 6 – 10 structures, which may have 
represented a population size between 20 and 40 individuals (Pollack & Henderson, 1992).  
Occupation periods of these settlements were not lengthy; there were few thick midden deposits 
from Early Fort Ancient sites and burials are uncommon (Pollack & Henderson, 1992).  
Production of lithics and pottery in Early Fort Ancient settlements continued to be kin-
based.  Faunal resources included white tail deer, bear, and elk but did not heavily rely on 
aquatic resources, much like the earlier Late Woodland Period.  However, plant-based 
subsistence strategies underwent a drastic reorganization.  During this period, reliance on nuts 
and cultivated seeds decreased, while reliance on maize and beans increased (Pollack & 
Henderson, 1992).  Settlement locations focused on open areas and secondary-growth forests that 
would have been ideal for planting and harvesting wood for house construction (Pollack & 
Henderson, 1992).  
The end of the Early Fort Ancient Period reflects increased reliance on maize and beans 
and the distribution of settlements into open fields.  Late Early Fort Ancient Period settlements 
were larger and more nucleated, with larger populations (Pollack & Henderson, 1992).  Larger 
villages would have been able to contribute more labor to the preparation, growth, maintenance, 
and harvesting of cultivated resources.  Late Early Fort Ancient Period villages were largely kin-
based settlements but may have grown to include more distant relations and were likely occupied 
longer than their earlier counterparts (Pollack & Henderson, 1992). 
The Middle Fort Ancient Period (AD 1200 – 1400) was a time of population growth, with 
some villages being occupied by 100 - 200 individuals (Henderson, 1992).  Villages 
encompassed several kin-related groups and appeared to have a planned layout that was circular 
with structures surrounding a central plaza (Pollack & Henderson, 1992).  Houses were larger, 
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indicating increased family sizes.  Settlements were occupied longer during this period than 
during the prior Late Woodland and Early Fort Ancient periods and had deeper midden deposits 
(Pollack & Henderson, 1992).  
The increase in both house size and village size indicates that populations were 
reorganizing on the landscape, perhaps in response to a larger overall population.  Lengthier 
occupations of villages may also indicate increases in overall population within the Middle Ohio 
River Valley, with less available land for villages to relocate (Pollack & Henderson, 1992).  The 
maximum extent of the Fort Ancient culture within the Middle Ohio River Valley occurred 
during this period of development (Figure 2.1) (Davidson, 2016).  The planned layout of Middle 
Fort Ancient communities indicates that changes may have occurred in the political and social 
organization of the Fort Ancient.  The central plaza around which the houses were assembled 
was likely used for ritual and ceremonial activities (Pollack & Henderson, 1992).  These 
activities would have served to bolster group solidarity and reinforce the power of a village level 
leader or leaders. 
 
Figure 2.1 This map shows the maximum and minimum extent of the Fort Ancient culture area.  
The diamond indicates Hardin Village.  Adapted from Davidson, 2016.   
 
 Middle Fort Ancient communities also included some burials of community members.   
Most community members were buried within the village between the central plaza and the 
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structures surrounding it, but infants and newborns were often buried in trash pits (Pollack & 
Henderson, 1992).  If a mound was present in the community, some (but not all) community 
members were buried within the mound – indicating some degree of social differentiation at this 
point in Fort Ancient development (Pollack & Henderson 1992).  Graves were largely 
unadorned, but individuals were sometimes buried with utilitarian objects (Pollack & Henderson, 
1992).  A few burials contained some shell, including some marine shell, but those burials were 
not common.   
The Late Fort Ancient Period (AD 1400 – 1600s) brought several changes to settlement, 
subsistence, sociopolitical organization, material culture, and supralocal interactions.  Village 
sizes continued to increase during most of the Late Fort Ancient Period, though the extent of Fort 
Ancient communities on the landscape decreased (Figure 2.1) (Davidson, 2016; Pollack & 
Henderson, 1992).  These larger villages were laid out similarly to Middle Fort Ancient villages: 
a central plaza with houses and structures arranged around the plaza, and a mortuary area 
between the two zones.  House structures increased in size and may have accommodated 
multiple families – indicating a shift in both social organization and labor during this period 
(Davidson, 2016). 
 Villages also shifted to locations in large open areas able to support larger agricultural 
fields (Davidson, 2016).  In addition to large villages, smaller winter camps were utilized to 
procure and process faunal resources, perhaps to ease the burden of sustaining large populations 
after crops were harvested (Davidson, 2016; Riordan, 2000).  Subsistence was primarily maize-
based agriculture during this period, and this would have been supplemented with hunted and 
gathered resources during periods of crop failure from environmental instability caused by the 
Neo-Boreal Climatic Episode (Davidson, 2016; McCullough, 1997; Cook & Schurr, 2009). 
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Interactions between the Fort Ancient and nearby communities of Oneota, 
Mississippians, Monongahela and others increased during this period (Davidson, 2016; Drooker, 
1996; McCullough, 1997; Pollack, Henderson, & Begley, 2002).  Interactions between these 
regions brought new forms of ceramics, new decorations, different architecture, and the adoption 
of new burial practices and ritual symbolism (Cook, 2017; Pollack, Henderson, & Begley, 2002). 
Burials began to incorporate new and varied forms of grave goods during the Late Fort Ancient 
Period, and the Fort Ancient discontinued the use of burial mounds (Pollack & Henderson, 
1992).  New ceramic vessel forms such as pans and colanders were introduced from nearby 
Mississippian groups during this period, as well as new decorations such as negative painting 
and notched and beaded rim decorations (Pollack, Henderson, & Begley, 2002).  Other symbolic 
forms such as salamander, frog, and lizard effigies and marine shell gorgets incised with weeping 
eye mask and Citico-style rattlesnake decorations were also incorporated into Late Fort Ancient 
symbolism (Pollack, Henderson, & Begley, 2002).   These new styles of decoration were adopted 
in favor of more localized ceramic styles from the Early and Middle Fort Ancient Periods 
(Pollack & Henderson, 1992).  Non-local goods were exchanged into the Fort Ancient region and 
filtered their way throughout the Middle Ohio River Valley.   
The Late Fort Ancient Period extended into the Protohistoric and Historic Periods in 
North America, which were marked by the exploration and colonization of the American 
continents by Europeans.  By AD 1550, house sizes were large, averaging approximately 100 
square meters at some sites like Hardin Village and Buffalo (Davidson, 2016).  Non-local Native 
American goods were present throughout the Fort Ancient region, indicating that interaction and 
trade were still on-going through this period.  There is no archaeological evidence which 
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indicates contact between Europeans and Fort Ancient peoples, though European goods did filter 
into the Middle Ohio River Valley. 
Abandonment 
By the 18th century, the Fort Ancient culture group disappeared from the Middle Ohio 
River Valley and may have been living in groups dispersed throughout the Eastern Woodlands 
(Griffin, 1966; Warren, 2014).  Warren (2014) would argue that the Fort Ancient were pushed 
out of the Middle Ohio River Valley by Iroquoian slaving efforts, an idea that is supported by the 
numerous accounts of Shawnee slaves throughout the ethnohistoric literature (Calloway, 2008; 
Kinietz & Voegelin, 1939; Smith, 1955).  However, there is currently no physical or 
archaeological evidence to support or refute these accounts of Fort Ancient enslavement and 
captivity by (or of) other Native American tribes.  
Other motivators for abandonment of the Middle Ohio River Valley by the early 1700s 
include increased risk of crop failure due to climate change (Cook, 2017).  Fort Ancient's 
dependence on agricultural products increased through time, prompting people to coalesce into 
large villages throughout the Middle Ohio River Valley.  Repeated lean years may have 
prompted the breakup of large settlements into smaller camps during parts of the year (Davidson, 
2016).  The Fort Ancient may have abandoned the Middle Ohio River Valley because of its 
inability to provide adequate resources to support their population. 
Finally, increasing interpersonal violence may have also been a primary motivator for the 
abandonment of the region (Schröder & Schmidt, 2001).  Victims and witnesses to interpersonal 
violence can respond in a number of culturally specific ways, including the abandonment of 
village locations and entire territories (Schöder & Schmidt, 2001).  Violence was an ever-
increasing threat throughout the Middle Ohio River Valley (Milner, 1999).  The number of sites 
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with defensive architecture and site locations only increased through time (Pollack & Henderson, 
1992).  Many of the Late Fort Ancient sites had palisades that may have served defensive 
purposes (Moore & Raymer, 2014).  Evidence of violent injury has been found at many of the 
Fort Ancient sites that have been analyzed, indicating that violence was a fact of life for Fort 
Ancient peoples.   
Summary 
The Fort Ancient people occupying the Middle Ohio River Valley during the first 700 
years of the last millennium developed in situ from people occupying the region during the 
several hundred years preceding the transition from the Late Woodland Period to the Late 
Prehistoric Period.  Archaeological evidence points towards the Fort Ancient subsistence strategy 
of agriculture supplemented by hunting and gathering which increased in intensity through time, 
with focus shifting from cultigens and agricultural products towards hunted resources during 
periods of environmental instability (Cook, 2017; Davidson, 2016; Pollack & Henderson, 2000).  
The impact that frequently changing subsistence patterns had on nutritional adequacy, infant 
mortality, and childhood growth and development has not been explored.  This project provides 
an opportunity to explore what impact (if any) environmental instability had on the ability of 
residents at Hardin Village, a large and centrally located Late Fort Ancient site, to obtain 
adequate nutrition, and support infants and children through the weaning years and adolescence. 
In addition to agricultural intensification, settlement size increased through time, with 
larger structures and settlements later in the Fort Ancient cultural sequence (Henderson, Pollack, 
& Turnbow, 1992).  Villages relocated to wide-open spaces surrounded by areas appropriate for 
agricultural use and house structures increased in size during the Late Fort Ancient Period to 
accommodate an increasing number of families living within a single dwelling, signaling a shift 
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in social structure and labor patterns (Davidson, 2016; Pollack & Henderson, 1992).  By using 
skeletal indicators of activity and stress, this project explores how labor demands changed 
through time, including identifying increased labor demands, changing gender roles, and other 
labor patterns at a large Fort Ancient site.     
Interaction with supralocal communities also intensified later in the Fort Ancient cultural 
sequence, culminating with the exchange of European trade goods throughout the Fort Ancient 
region.  Conflict occurred between the Fort Ancient and nearby groups, including 
Mississippians, Oneota, and Monongahela populations.  The Fort Ancient culture group 
disappeared from the Middle Ohio Valley and likely dispersed into small groups living 
throughout the Eastern Woodlands by the time Europeans reach the Ohio country (Griffin, 1966; 
Warren, 2014).  Some historians (Calloway, 2008; Kinietz & Voegelin, 1939; Smith, 1955; 
Warren, 2014) would argue that the Fort Ancient were pushed out by Iroquoian slaving, but 
archaeological evidence has not been found to support this assertion.   
This study used bioarchaeological evidence to identify patterns of trauma related to 
interpersonal violence that support (or fail to support) the hypothesis that captive-taking and 
other forms of violence were primary motivators for the abandonment of the Middle Ohio River 
Valley by the Fort Ancient.  Fear of, or threats of, violence and environmental instability in the 
form of food shortages, crop failures, and natural disasters are significantly associated with 
increased violence in prehistoric societies, which can be a significant motivator for regional 
abandonment (Ember & Ember, 1997; Schöder & Schmidt, 2001).  Evidence that violence was 
more likely to impact certain subgroups (like women), that violence increased through time, 
and/or that patterns of trauma corresponded with increased labor demands or nutritional 
inadequacy would provide a crucial line of evidence to support the idea that conflict and captive-
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taking were primary motivators for the abandonment of the Middle Ohio River Valley by the 
Fort Ancient. 
By using data gathered systematically from human skeletal remains, this study elucidates 
information about social and environmental instability within a region that was abandoned 
following several thousand years of consistent occupation.  It can inform scholars about the 
biological consequences of food insecurity, increasing violence, and societal change, problems 
which continue to face millions of people today.  Contextualizing the skeletal data within the 
archaeological background of the region permits a greater understanding of the quotidian reality 
for people at Hardin Village, and how that reality changed over time. 
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CHAPTER 3: MATERIALS AND METHODS 
The skeletal material utilized in this study represents a relatively large number of 
individuals interred at Hardin Village, a Late Fort Ancient site with two occupations dating to the 
mid-15th – late 17th centuries (Davidson, 2016).  This research was undertaken in order to be able 
to answer several questions about how well people were faring under the cultural and 
environmental changes introduced during the Protohistoric Period (AD 1550 -  1700).  Collecting 
data from the skeletons that reflects the morbidity and mortality burden for groups before, 
during, and after major cultural and environmental shifts provides an important set of insights 
about the human costs of these kinds of large transitions.  Systematic analysis of the human 
skeletal remains from the Hardin Village Site, coupled with archaeological evidence from the 
region allow for the interpretation of the interactions of Hardin Village residents with each other, 
their environment, and their neighbors in the Middle Ohio River Valley and the greater Eastern 
Woodlands.  Comparing other culturally, geographically, and/or temporally similar sites 
illuminates the experiences of the individuals living at Hardin Village shows that adaptive 
responses to major cultural and environmental shifts can be varied and are dependent upon many 
different factors.   
Analysis began with a bioarchaeological reconstruction of the burial population of Hardin 
Village by assessing the demographic and archaeological data of the human skeletons.  
Additional analysis involved identifying biological indicators of violence, disease, and 
nutritional stress.  Together, the demographic profiles of the skeletal remains and 
bioarchaeological reconstruction of the lived experiences of the individuals buried at Hardin 
Village provided new lines of evidence to explain the abandonment of the Middle Ohio River 
Valley by the early 18th century. 
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Materials 
The majority of the 403 individuals recovered from Hardin Village were excavated by the 
Works Progress Administration (WPA) in the late 1930s by C. Bohannan.  The remains are 
housed at the curation facility of the Webb Museum in Lexington, Kentucky.  Preservation of the 
remains is overall good, but curation techniques of the early 1940s - including the application of 
Alvar brand shellac to coat the bones and reconstruction of the skull – has caused some damage 
to the cortical bone and sutures.   
Note-taking during excavation, including plan maps and burial photos, has allowed for a 
detailed reconstruction of the burials, including their placement in relation to other site features.  
Grave goods are stored with the individual burials, and information about each burial’s grave 
goods are available through excavation notes and Davidson’s (2016) dissertation.  Information 
about the major mortuary components of the site was published in 1966 by Lee Hanson (Hanson, 
1966).  Additional information about the mortuary components of the site and skeletal remains is 
found in dissertations and master's theses which used these remains from the 1970s to the 2000s 
(Adkins, 1997; Cassidy, 1972; Delorenze, 1977; Holmes, 1994; Nagy, 2000). 
Hardin Village 
 The focus of this research is on the human skeletal remains recovered from the Fort 
Ancient site Hardin Village, located on the Ohio River in Greenup County, Kentucky (Figure 
1.1).  The site had multiple occupations that spanned from the Late Woodland through the end of 
the Fort Ancient Period.  The burial and archaeological contexts are from the two southernmost, 
latest occupied villages (Bohannan, n.d.; Davidson, 2016).  Burials have not been recovered from 
the other occupied areas of the site.  The occupation of the southern-most village occurred during 
the 1400s to early 1500s, while the village immediately north was occupied from the late 1500s 
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to the late 1600s (Davidson, 2016).  Both villages were occupied during the span of the 
Madisonville Horizon, and artifacts of the Madisonville type have been recovered from both 
sites.  The site has been excavated in multiple stages, the earliest of which was overseen by the 
Works Progress Administration (WPA) in the late 1930s.  The most recent excavations were 
completed in 2013 by Davidson and a field crew of graduate archaeology students (Davidson, 
2016).  
Hardin Village was laid out in a series of concentric rings (Figure 3.1) typical of later 
Fort Ancient villages (Pollack and Henderson, 2000), and lacks any mound constructions that 
were part of some Middle Fort Ancient villages.  Each ring consisted of a central plaza without 
structures surrounded by a ring of burials; outside of the ring of burials was a ring of structures 
(Figure 3.1).  The site consisted of eight identified structures and an additional eleven possible 
structures within the excavated and tested areas (Davidson, 2016). At least one structure (House 
3) has been identified as a possible mortuary house, as it is the only structure under which burials 
have been located.  More than 400 (n = 403) burials have been excavated from the site.  
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Figure 3.1 This map shows the plaza, mortuary, and domestic zones of both excavated 
occupations, including burials and house structures (possible structures are outlined, but not 
filled in).  Used with permission from Davidson, 2016 
Burials were associated with both the southern-most village, and the later 17th century 
occupation.  Burials were present both in the discrete portions of each village, as well as within 
the overlapping areas.  There were 168 burials from the northern-most village, 127 burials from 
the southern village, and 100 burials in the overlapping zone.  They were primarily (85.9 
percent) single inhumations (Bohannan, n.d.; Hanson, 1966).  Hanson (1966) identified 16 
different burial types, eleven of which were elaborations on single, double, and multiple 
inhumations, and each represented fewer than 10 individuals per burial type.  For clarity, these 
have been condensed to single, double, multiple (more than two individuals), and unknown.  
Burial types are elaborated in Table 3.1.  Two individuals from the site were buried in graves 
lined with limestone slabs (Hanson, 1966).  Less than half of the single interments were buried 
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with grave goods, and grave goods were twice as common among subadults than among adults 
for every type of burial (Hanson, 1966).  In addition, the majority of trade items included as 
grave goods were included with subadult burials (Davidson, 2016; Hanson, 1966). 
Number of Individuals Burial Type Percent of Population 
264 Single 85.9% 
36 Double 11.7% 
2 Multiple (more than two) 0.6% 
5 Unknown 1.6% 
 Village  
168 North 41.7% 
127 South 31.5% 
100 Overlapping/Unknown 24.8% 
Table 3.1  This table shows the detail of the burial types, number of individuals buried, and the 
percentage of the population interred in that manner.  From Hansen, 1966. 
Previous Bioarchaeological Studies of Fort Ancient Populations 
Early studies of Fort Ancient skeletal remains conducted in the 1970s by Neumann 
(1960) and Robbins and Neumann (1972) were concerned with identifying racial typologies as a 
way to explain patterns of population movement and its possible effect on genetics.  These two 
studies focused on craniometrics and morphological features to typify skulls from the Fort 
Ancient region into categories and show their relationship to other groups of Native Americans 
(Neumann, 1960; Robbins & Neumann, 1972).  Robbins and Neumann (1972) utilized over 
1,000 Fort Ancient skulls and identified two “varieties” of Fort Ancient skull.  One variety was 
associated with the earlier Fort Ancient Periods, while a later variety was associated with the 
later Madisonville Horizon and was thought to be influenced by an influx of genetic material 
from groups from the south (Robbins & Neumann, 1972).   
Another early report indicated that skeletal remains were recovered from the Augusta site 
(Hockensmith, 1981).  This report identified 21 human bones and bone fragments recovered 
from the site (Hockensmith, 1981: 47).  Archaeologists recovered 10 cranial fragments and 11 
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post-cranial fragments from across the site.  Although no more than one individual could be 
accounted for, the fragments were collected from across the excavation and varied in 
preservation, indicating that several graves were disturbed prior to the commencement of 
archaeological excavation (Hockensmith, 1981).  No attempt was made to analyze the bone 
fragments recovered. 
Studies investigating a number of pathological conditions have been undertaken on 
burials from numerous Fort Ancient sites (Figure 3.2).  The earliest study of Fort Ancient human 
remains occurred at the Baum Village Site (Orton, 1903).  This study reported on the excavation 
and analysis of the 127 individuals recovered from the Baum Village Site.  The remains were 
recovered in good conditions, with good preservation.  This study identified seven possible cases 
of infection with a subspecies of Treponema bacteria – the species responsible for diseases like 
syphilis, yaws, bejel, and pinta – among the individuals recovered and systematically described 
the conditions of the lesions that led to a diagnosis of treponemal infection.  Orton (1903) used 
both macroscopic and microscopic analysis, carefully documenting the size, shape, location, and 
characteristics of each lesion.   
At the Buckner Site, Robbins (1971) identified 78 individuals.  Among them, only infants 
and fetuses showed no signs of infection or trauma. Robbins (1971) identified periostitis, 
osteomyelitis, and inflammatory areas with sinus drainage affecting most of the adult and 
adolescent individuals.  The primary areas affected included the tibial shaft, followed by the 
fibula and the femur.  Robbins (1971: 4) described the infectious lesions’ appearance as: 
 “in the form of linear striations on the periosteum with corresponding 
osteoporosis (bone absorption) into the dense compact tissue.  As the cortical 
bone is thinning, there is an increasing amount of the inner spongy tissue being 
formed and deposited.  The net result is a tibia, for example, that loses its 
distinctive shaft contours; it is extremely light in weight, being composed of a thin 
cortical layer covering a large spongy mass of cancellous tissue that often fills the 
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entire medullary cavity … it is not unusual for the cortical bone to abscess in the 
region of greatest inflammation, in any of the bones.”   
 
Robbins (1971) was unable to identify an etiology for this infection, but indicated that it affected 
males and females, and all age groups apart from infants and fetuses, suggesting a disease 
process that was slow moving throughout the population. 
Human remains were recovered from the New Field Site as the result of surface 
collections from the site (Wilson, 1996).  A minimum of nine individuals were recovered from 
the site.  The bone was well preserved, but burials were represented by only a few fragments 
each.  Because each burial was represented by a small number of skeletal elements, age and sex 
was difficult to estimate.  One individual is female, and another is possibly female.  Two 
juveniles and seven adults were recovered.  Elements were examined macroscopically to identify 
irregularities in appearance, texture, and thickness.  More than 60 percent of individuals (6/9) 
from the New Field Site showed evidence of pathology, with signs of active periosteal lesions, 
cribra orbitalia, and possible treponemal infection (Wilson, 1996).   
The Turpin Site burials are the only Fort Ancient burials described in this study to come 
from a mound or mound-adjacent context (Widmer & Perzigian, 1981: 100).  Two hundred and 
ninety-one individuals were recovered from the site.  Six individuals from the site had 
pathological lesions consistent with tuberculosis as described in published descriptions of 
skeletal pathologies.  Lesions affecting the vertebral bodies, vertebral rib ends, acetabula, and 
femora were identified.  Vertebral lesions affecting lumbar, thoracic, and/or cervical bodies were 
identified in five of the six cases (Widmer & Perzigian, 1981).  Vertebral lesions were eroded in 
appearance, with coarse and thickened trabeculae and some periosteal inflammation.  In many of 
the cases, intervertebral disc space was obliterated.  In two cases, the affected vertebrae have 
collapsed, causing both kyphosis and scoliosis with fusion of the affected vertebrae and 
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impacting the vertebral rib ends associated with the collapsed vertebrae.  A final case involved 
the destruction of the left acetabulum, with bone erosion and resorption with significant cortical 
bone loss.  The associated shaft of the left femur has evidence of a periosteal reaction.  The 
authors note that this case may be caused by mechanical processes rather than infectious 
processes, but the asymmetry of the destruction is suspect (Widmer & Perzigian, 1981).   
 
Figure 3.2 This map shows the location of several Fort Ancient sites mentioned in this text, 
including Hardin Village, Madisonville, Buffalo, and Turpin.  Adapted with permission from 
Moore, 2014. 
 
Studies analyzing dentition have been completed for the Buffalo and Buckner Sites as 
well as Madisonville and Sunwatch.  Patterns of low wear of the dental enamel and high caries 
were found at all four sites (Giessen, 19925; Sciulli, 1997; Adkins, 1988).  This pattern is 
consistent with other agricultural populations globally (see for examples, Cohen and Kramer, 
2007).  High rates of severe linear enamel hypoplasias (when compared to earlier periods) were 
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also found in both deciduous and permanent dentition for the Fort Ancient Period (Sciulli, 1977, 
1978). 
Prior Studies of Hardin Village Remains 
Previously completed studies of the remains from Hardin Village have primarily focused 
on paleopathology.  In one study (Roberts, 2007), 34 individuals were examined for the presence 
of maxillary sinusitis as part of a larger research project to determine the prevalence of the 
condition globally in the past.  Approximately half of the 34 individuals from Hardin Village 
showed signs of having chronic sinusitis, including extensive bone destruction or proliferation on 
or around the sinus cavity (Roberts, 2007: 797).  Higher rates were found among females at 
Hardin Village, and Hardin Village had the highest rates of maxillary sinusitis among all the 
groups studied, owing perhaps to the agricultural lifestyle and poor air quality.  
Cassidy (1972: 72 – 73) identified 24 cases of cribra orbitalia and/or porotic hyperostosis 
among the Hardin Village population.  No effort was made to separate cribra orbitalia and 
porotic hyperostosis as separate phenomena for this study (Cassidy, 1972).  Half of the cases she 
identified of either condition occurred in children under age five.  In another study, Adkins 
(1997) analyzed the remains from Hardin Village for evidence of treponemal infections and 
extrapulmonary tuberculosis, the type which impacts the skeleton.  Skeletal indicators of 
tuberculosis occur in only four to ten percent of cases of extrapulmonary tuberculosis.  Skeletal 
lesions occurring from tuberculosis affect any areas with high density of hematopoetic marrow, 
including the vertebrae, ribs and sternum, and the pelvis, knees, hands, feet, and rarely, the 
cranium.  Adkins (1997) found 11 individuals with lesions consistent with tuberculosis.  Skeletal 
indicators of treponemal infection include lesions on the tibia and fibula, the ulna, radius, and 
humerus, and the skull.  The most common lesion site is the tibia, which has a thickened anterior 
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cortex, resulting in a sabre-like appearance called “sabre-shins.”  Three individuals with lesions 
consistent with treponemal infection were identified at Hardin Village (Adkins, 1997).   
Violence has been understudied at Hardin Village.  Of the skeletal analyses that have 
occurred using the remains from Hardin Village, only two identified any skeletal trauma that 
could be related to violent injury.  Hanson (1966) reported four individuals from the Hardin 
Village Site who were possible victims of violence.  The other study, conducted by Holmes 
(1994) added one additional possible victim of violence from Hardin Village.  Prior to this 
research, no other evidence of violent injury had been identified. 
Summary 
The results from studies conducted at Hardin Village are comparable with the results 
presented above for other sites.  Evidence of infectious disease and nutritional deficiency have 
been reported at sites throughout the Fort Ancient culture area and were identified within the 
Hardin Village population.  Individuals living at Hardin Village employed similar subsistence 
strategies to other Fort Ancient population and presumably these Fort Ancient communities 
experienced similarities in agricultural output. 
These prior studies provide a foundation for asking questions about how raiding and 
endemic warfare, captive taking, decreasing agricultural potential and colonization directly and 
indirectly affected the morbidity and mortality of the people living during this time.  This project 
builds upon prior research by focusing on indicators of disease and dietary stress along with 
indicators of trauma, injury, and early death using well established standards.  Contextualizing 
these new data from Hardin Village with other contemporaneous sites provided insight into the 
unique situation experienced by individuals living at Hardin Village, and provided greater insight 
into the abandonment of the Middle Ohio River Valley by the early 18th century.  
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Methods 
Permission to conduct this research was granted from Dr. George Crothers, the Director 
of the Webb Museum at the University of Kentucky, Lexington and the steering committee of 
the Webb Museum. No invasive analyses were conducted.  The methods described below 
represent the best practices in bioarchaeology for obtaining the data necessary to answer this 
study’s research questions about how captive taking, endemic warfare, and decreasing 
agricultural potential and colonization directly affected the morbidity and mortality of people 
living during this time.  Data collection sheets developed in the University of Nevada, Las Vegas 
Department of Anthropology's Bioarchaeology program were used.  These sheets have been 
designed to capture the range of data necessary to ask specific questions about patterning of 
trauma, disease, and labor (Appendices A and B).   
Age and Sex  
Data on age and sex were collected for each skeleton, when available.  When not 
available, age and sex were recorded as either unobservable (i.e. the elements used to determine 
the variable were not present) or indeterminate (i.e. the observed characteristic is not strongly 
male or female; in some cases, indicators of age varied greatly within a single individual, these 
also were recorded as indeterminate).  Age and sex data were used to create a demographic 
profile of the site occupants, and also used to explore age and sex differences in labor, disease, 
trauma, and social organization.   
Specific indicators of age and sex used come from Standards of Data Collection from 
Human Skeletal Remains (Buikstra and Ubelaker, 1994).  Pelvic traits associated with females 
include a wide greater sciatic notch and subpubic angle, while males have a narrow greater 
sciatic notch, and an acute subpubic angle (Buikstra and Ubelaker, 1994).  Traits of the skull that 
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are sexually dimorphic include the nuchal crest, mastoid process, supraorbital ridges, the margins 
of the eye orbit, and the mental eminence; all of these traits are more pronounced and rugose in 
males (Buikstra and Ubelaker, 1994).   
Indicators of skeletal age include the morphological characteristics of the pubic and 
auricular surface, as well as cranial suture closure (Buikstra and Ubelaker, 1994).  The surface of 
the pubic symphysis develops and breaks down at a predictable rate, providing an estimate for 
skeletal age (Brooks and Suchey, 1990; Todd, 1920).  The Brooks and Suchey (1990) method 
classifies the development and breakdown of the pubic symphysis into six phases each for males 
and females. The Todd (1920) method employs ten phases but does not separate phases by males 
and females. The auricular surface also develops and breaks down at a predictable rate and can 
be used to estimate skeletal age (Lovejoy, Meindl, Mensforth, & Barton. 1985).  Lovejoy and 
colleagues (1985) described eight phases to the development and breakdown of the auricular 
surface.  Using these methods in tandem provide a more accurate age assessment than any 
method singly. 
Another method for age assessment involves assessing the closure of the sutures of the 
skull. The cranium consists of 29 individual bones, eight of which make up the cranial vault 
(White, Black, and Folkens, 2012).  The individual bones of the vault knit together through time, 
which provides an estimate for skeletal age (Buikstra and Ubelaker, 1994; Meindl and Lovejoy, 
1985).  The crania at Hardin Village were, on the whole, not well preserved, and were rarely 
intact.  In addition, curation activities from the first half of the 20th rendered the sutures nearly 
obliterated, so this method was rarely employed to assist in age estimation. 
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Paleopathology  
Data on specific disease processes readily apparent on skeletal material were 
systematically collected and recorded using standardized data collection sheets (see Appendix 
A).  For example, because this project is interested in the effects of climate change and unstable 
weather patterns on farming, and how this impacts the nutritional adequacy of children, 
information about basic pathological processes like porotic hyperostosis and cribra orbitalia that 
are caused by nutritional deficiencies were collected.  This research is also interested in the 
broader impact of colonialism on indigenous lifeways; since Europeans brought many infectious 
diseases to which indigenous populations had no immunity, information about disease processes 
that are caused by infection, like periosteal reactions, was also collected.  Coupled with age and 
sex data, information on disease was used to investigate patterns of at risk individuals. 
Two conditions assessed were porotic hyperostosis and cribra orbitalia, which can be 
caused by certain anemias and metabolic disorders (Ortner, 2003; Oxenham & Cavill, 2010; 
Rivera & Lahr, 2017; Walker, 2009).  Both porotic hyperostosis and cribra orbitalia produce 
abnormal porosity on the outer surface of the affected bone or bones.  Porotic hyperostosis 
affects the bones of the vault, while cribra orbitalia affects the roof of the eye orbits (Figure 3.3) 
(Ostendorf-Smith, 2013).  Porotic hyperostosis is caused by the expansion of the diploë in the 
bones of the cranial vault due to either hematopoiesis, hemolysis, or to the irregular production 
of red blood cells (Oxenham & Cavill, 2010; Rivera & Lahr, 2017).  Cribra orbitalia is not 
associated with expansion of the diploë, and the porosity of the roof orbits may be caused by 
hypoplastic anemic conditions or by metabolic conditions such as scurvy (Rivera & Lahr, 2017).   
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Figure 3.3  (a) Porotic hyperostosis as illustrated by surface pitting on the left and right parietals. 
(b) Porotic hyperostosis as illustrated by expansion of the cancellous (i.e., diploic) bone. Normal 
adult mid-parietal thickness ranges from .04 to .08 mm. (c) A remodeled example of cribra 
orbitalia. Photo and description taken from Ostendorf-Smith, 2013: 185. 
 
Some early cases of disease and nutritional deficiency can appear only as a mild reaction 
localized in one part of the skeleton, such as mild porosity on the roof of the orbits as an early 
indicator of scurvy (Rivera & Lahr, 2017).  Because of this, both porotic hyperostosis and cribra 
orbitalia were scored on severity and degree of healing (resorption).  Cases were scored as slight, 
moderate, or severe (Table 3.2).  Cases with no evidence of resorption were scored as active, 
cases where resorption had begun were scored as healing, and cases where resorption was 
completed were scored as healed.  Bones and areas that were affected were also recorded, noting 
the side, size, and location of lesions on the affected bones. 
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Porotic Hyperostosis 
Severity Physical Appearance 
Slight Porosity affecting a small area of bone.  Pores 
are generally small and evenly spaced. 
 
Moderate Porosity affecting a wider area of bone.  Pores 
vary in size and shape. 
 
Severe Porosity affects a large area of bone.  Pores 
vary in size, but many of the pores are large 
and densely packed.  Bone texture is visibly 
impacted.  Bone may become thickened in 
areas due to diploë expansion. 
Cribra Orbitalia 
Severity Physical Appearance 
Slight Porosity affecting the roof of the orbits.  
Pores are generally small and evenly spaced. 
 
Moderate Porosity affects a wider area of the roof of the 
orbit.  Pores are mixed in size and can be 
densely packed. 
 
Severe Porosity and spiculated bone growth.  Pores 
are large and affect the texture of the roof of 
the orbit.  Boney spicules may project from 
the roof of the orbit into the interocular 
cavity. 
Table 3.2  The severity of porotic hyperostosis and cribra orbitalia were scored using these 
criteria.  Adapted from Buikstra and Ubelaker, 1994. 
 Periosteal reactions are caused by inflammation of the periosteum, the thin sheaf of tissue 
which connects soft tissue to bone (Ortner, 2007; Weston, 2011).  This type of reaction occurs 
through a number of pathways including injury, localized skin infections, or systemic disease 
processes like scurvy or infections that affect several bodily systems (Martin and Goodman, 
2002; Ortner, 2007).  Periosteal reactions are good indicators of infection, systemic disease, and 
trauma.  Because this project is interested in how systemic disease, trauma, and infection 
impacted the abandonment of the Middle Ohio River Valley, periosteal reactions were recorded 
to understand these processes at Hardin Village.  Reactive bone can be differentiated from non-
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reactive bone through changes in porosity and texture of the affected surface.  Periosteal 
reactions are expressed in several ways, including woven bone, spiculated bone, and compact 
bone (Figure 3.4).  For this research, observed periosteal reactions were documented for each 
bone affected, the type of periosteal reaction, the size and location of the lesion, whether the 
lesion was localized to a specific area of the bone, or impacted the whole bone surface, and the 
degree of healing of the lesion (none to complete). 
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Figure 3.4.  These drawings show the different ways that periosteal reactions can be expressed.  
From Weston, 2011. 
 
39 
 
 Other abnormal bone responses that could not be classified as porotic hyperostosis, cribra 
orbitalia, or periosteal reactions were also recorded.  Each lesion was documented by the bone 
affected, its appearance (sclerotic, porous, spiculated, etc.) and the size and shape of the lesion.  
Other aspects of the lesion that were recorded included whether it affected a localized area of 
bone, or was more generalized to the whole bone, if it impacted other bones, and degree of 
healing.   
Stature 
Stature is an important indicator of early life nutrition, as growth is extremely sensitive to 
periods of nutritional stress that may inhibit bone growth and development (Buikstra and 
Ubelaker, 1994; Saunders, 2008).  Significantly different observations of stature between 
different groups in a sample or between time periods can be indicative of social or biological 
disparities between the two populations.  Stature was estimated for Hardin Village burials using 
regression formulae developed for long bone length by Genovés (1967).  The femur and tibia 
were measured to determine their maximum length, which is used to calculate stature for 
individuals (Genovés, 1967).  Stature was calculated for males and females separately, and tibiae 
and femora separately using the calculations in Table 3.3.   
Femur 
Male 2.26(maximum length) + 66.379 ± 3.417 
Female 2.59(maximum length) + 49.742 ± 3.816 
Tibia 
Male 1.96(maximum length minus tuberosity) + 93.752 ± 2.812 
Female 2.72(maximum length minus tuberosity) + 6.781 ± 3.513 
Table 3.3  These calculations were used to determine stature using either the femur or the tibia.  
Calculations from Genovés, 1967. 
Robusticity and Enthesial Changes   
Skeletal adaptation to habitual activity and physical stress can be observed in the 
attachment sites of soft tissues to the bone called entheses, previously called musculoskeletal 
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markers (MSMs) (Hawkey & Merbs, 1995).  Entheses stabilize movement and anchor soft 
tissues like tendons and ligaments to the bone (Villotte & Knüsel, 2013).  Enthesial changes are 
created by habitually repeated activities that cause mechanical stress on the bone, which causes 
bone cells to accumulate at the attachment site to better support the bone during stress (Mariotti 
et al., 2007; Villotte & Knüsel, 2013).  Prior research on MSMs sought to assign the 
development of these markers to specific tasks like hunting and rowing (Hawkey, 1998; Hawkey 
& Merbs, 1995).  Recent criticisms of this practice assert that enthesial changes do not have a 
one to one relationship with particular activities (Henderson & Cardoso, 2013).  Instead, entheses 
are used to identify anatomical actions – like adduction or abduction of the hip – that might 
indicate patterns in the types of labor being conducted by members of sample populations 
(Henderson & Cardoso, 2013).  Increased age is positively correlated with greater enthesial 
development, so assessing enthesial development is increasingly less effective as individuals age 
(Miella, Belcastro, Zollikofer, & Mariotti, 2012; Villotte & Knüsel, 2013). 
The entheses investigated by this study are related to the general actions of squatting, 
carrying heavy loads, and repetitive leg and upper arm activity such as adduction and abduction 
of the shoulder (Mariotti et al., 2007).  Table 3.4 indicates the specific entheses scored for this 
project.  Entheses were scored by comparing bone to reference photographs and descriptions 
following the standardized scoring method created by Mariotti and colleagues (2007) (see 
Appendix A and B for reference material and scoring sheets used).  Scores ranged from slight 
development (1) to very high development (3).  Additional musculoskeletal markers of the 
femur, tibia, and the sacroiliac joint (see Table 3.4) were scored as present or absent according to 
research by Capasso and colleagues (1999).  This information was used in conjunction with the 
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demographic, pathology, and trauma data to create a profile which helps determine who was at 
greater risk for disease and injury and had a higher demand of labor placed upon them.   
Bone Enthesis Musculoskeletal Marker 
Humerus 
Pectoralis Major 
Deltoideus 
Brachioradialis 
 
Radius Biceps brachii  
Ulna Triceps brachii Brachialis  
Femur Gluteus maximus Iliopsoas 
Poirier’s facet 
Peritrochlear groove 
Posterior cervical imprint 
Tibia Quadriceps tendon Squatting facet 
Sacroiliac  Accessory facets 
Table 3.4  This table indicates which entheses and musculoskeletal stress markers were scored in 
this analysis.  Follows Mariotti et al., 2007 and Capasso et al., 1999. 
Indices of robusticity are also useful in determining habitual activity levels due to 
mechanical changes bone undergoes as it adapts to stress.  Robusticity indices use the cross-
sectional morphology of the bone to determine the bones’ strength and mechanical loading 
capabilities (Stock & Pfeiffer, 2001).  Measurements were taken of the humerus and femur 
following Bass (2005) and included: the maximum and least circumference of the humeral shaft, 
the bicondylar length of the femur, and the anterior-posterior and mediolateral diameters of the 
femoral midshaft.  Due to poor preservation and damage to these areas throughout the collection, 
robusticity indices were only occasionally useful in identifying habitual activity levels at Hardin 
Village.   
Trauma  
This project focuses on the role that repeated interpersonal violence played in the 
abandonment of the Middle Ohio River Valley at the end of the 1600s; because of this, data on 
trauma were systematically collected and recorded using standardized methods and data 
collection sheets (see Appendices A and B).  The location and timing of the injury (perimortem 
42 
 
or antemortem), factors which are important for determining whether an injury was the result of 
interpersonal violence or an accident, were documented.  Antemortem injuries occur well before 
death and have time to begin and/or complete the healing process while perimortem injuries 
occur around the time death (i.e., when the bone is still fresh). 
Cranial depression fractures were of particular interest, as blows to the head are often 
used in interpersonal violence to harm or subdue the victim (Walker, 1997).  Research indicates 
that cranial injuries that affect the area of the cranium above the “hat-brim line,” a band 
approximately one inch wide whose lower border is at the top of the brow ridge, while injuries 
sustained to the “hat-brim line” can be the result of either interpersonal violence or accidental 
injury (Kremer et al., 2008).  Blunt force trauma, like cranial depression fractures, is often 
identified by impact marks which may leave radiating fractures extending from the initial impact, 
and deformation of the surrounding bone (Kroman and Symes, 2013; Passalacqua & Fenton, 
2012).   
Cranial depression fractures were documented by their size (length and width), depth, and 
location on the cranium.  Degree of healing (unhealed, partially healed, or fully healed) was also 
noted to determine the injury’s association with the individual’s time of death.  Cranial 
depression fractures that are fully healed suggest that the injury took place well before the 
individual’s death, while partially healed or unhealed injuries occurred closer to the time of death 
and suggest a possible connection between the injury and the death.  Other facial injuries such as 
fractures to the nose, mouth, and eyes were recorded to assess interpersonal conflict, and severity 
and degree of healing were noted for each injury (Walker, 1997).   
Post-cranial trauma is often the result of accidents but can also be associated with 
interpersonal conflict (Lovell, 1997).  Anterior fractures of the ulnae and radii (parry fractures) 
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are associated with fending off an injury to the face (Lovell, 1997).  Other post-cranial injuries, 
like fractures of the distal forearms, and legs are commonly associated with falls, a likelihood 
which increases with age (Lovell, 1997).  The location of each post-cranial injury and degree of 
healing (antemortem, perimortem, or partially healed) were recorded. 
Sharp force trauma results from assaults where a weapon with a thin or sharp edge is 
applied to an area causing cuts and abrasions. To reach the underlying bone when a body is still 
fleshed, cuts must have been created with a degree of force similar to blunt force trauma 
(Kroman & Symes, 2013). Because of this, cut marks may also be accompanied by radiating 
fracture lines and buckling of the surrounding cortical bone matrix.  Sharp force injuries were 
noted for their location on the body, degree of healing (if any), number of cuts per injury, and the 
width and depth of kerf mark caused by the blade.   
Projectile trauma is the result of trauma caused by an object with a high rate of 
acceleration (Kroman & Symes, 2013).  Injuries caused projectiles have similar fracture patterns 
to blunt force injuries, but cause less deformation to the surrounding bone, and are accompanied 
by an entrance, and often an exit, wound.  The speed at which the projectile was traveling would 
have an impact on the types of injuries seen, with low-velocity projectiles creating injures much 
more similar to blunt force trauma than high-velocity projectiles (Kroman & Symes, 2013).  
Projectile injuries were documented for each individual.  Location, degree of healing, and 
velocity were recorded for each individual. 
Mortuary Context 
Finally, information about mortuary context collected during the WPA excavation 
(Bohannan, n.d.) was used to situate individual burials within the occupational history of the site; 
burials are present in both the 15th century and 16th – 17th century occupations, and many are 
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present within the area in which both occupations overlap.  The burials in the overlap zone were 
separated chronologically through burial positioning and grave goods as best as possible to 
answer questions about change through time at Hardin Village; individuals who could not 
positively be assigned to either occupation were not included as part of the inter-occupation 
analysis of the site.  This information was collected from the extensive notes, drawings, 
photographs, and maps completed during the excavation of the site during the 1939 WPA project 
(Bohannan, n. d.). 
Mortuary information was also used identify burials that deviate from the cultural norm.  
Cultures have a prescribed way in which it is appropriate to dispose of the dead.  Burials that do 
not follow the traditional disposal methods offer unique insights into the culture that buried them 
(see Murphy, 2008).  Mortuary context data such as burial position, location, and depth, as well 
as information about grave goods and the type of interment are important for identifying patterns 
of inhumation which may indicate social inclusivity, expedient disposal, and social divisions 
(Murphy, 2008).   
Summary 
 The previous chapter has been outlined to familiarize the reader with the history of the 
Hardin Village site and the Hardin Village skeletal remains and the methodology used to 
reconstruct the biological and biocultural profile for the individuals living at Hardin Village.  
This chapter also provided insight into the previous bioarchaeological research completed for the 
Fort Ancient region which are used to compare Hardin Village to the broader Fort Ancient 
population.  These data collectively provide insight into the lifeways of the individuals living at 
Hardin Village and can answer questions about the impact of the sociocultural processes 
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occurring during the 15th – 17th centuries and the changes occurring to the environment of the 
Middle Ohio River Valley during that time. 
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CHAPTER 4: RESULTS 
The results of the demographic analysis of the Hardin Village skeletal remains is 
presented here.  Following the demographic profile of the site, the data on nutritional deficiency, 
paleopathology, and trauma are presented. In this chapters, each section discusses Hardin Village 
as a whole, as well as each occupation of the site.  Occasionally, individual burials are 
emphasized to demonstrate specific findings.  A total of 403 individuals were analyzed for this 
study.  
Factors Affecting Representation by Age and Sex 
 The burials from Hardin Village were exhumed during two separate phases of 
excavation, the first occurring in 1939, and the second in 2013.  The 1.1 acre 1939 excavations 
covered approximately 10% of the site and 99.5 percent of the burials were exhumed during this 
phase (Davidson, 2016).  The 2013 excavations covered approximately 50 square meters, and 0.5 
percent (n = 2) of the burials were uncovered and analyzed in situ before reburial at the end of 
the field season.  All of the individuals used in this study have extensive documentation and 
provenience information, including a plan map of the entire 1939 excavations indicating where 
each burial was located (Figure 4.1).  Field notes and burial forms filled out during the 1939 
excavation were accompanied by in situ photographs of each burial and enhanced the reliability 
of the archaeological context used in this project. 
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Figure 4.1 This image is a scan of the original plan map of Area C completed by Bohannan 
during the 1939 excavations.  Each small black figure (at this scale these appear as dots), is a 
burial exhumed during this excavation. 
 Cultural and taphonomic factors also affect the potential representation of this burial 
population.  Mortuary treatment, including how the body is prepared for burial, the items the 
body is buried with, and the location the body is buried can all impact how well the remains are 
preserved (Marden, Sorg, & Haglund, 2013).  The burials at Hardin Village were primarily 
single inhumations in an extended position.  Graves were positioned in a circular manner around 
the village plazas, and rarely occurred under the floors of structures in either occupation.  Most 
burials were recovered undisturbed, though some had been disturbed by the digging of other 
graves by the prehistoric peoples living at Hardin Village (Hanson, 1966).  Two individuals were 
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buried in limestone slab lined graves, but they are not different from the rest of the population in 
terms of grave goods, health and nutrition, or trauma.  A chi-square analysis indicated that there 
were no statistically significant trends for burial location in terms of sex or age group clusters, or 
individuals who experienced trauma or disease. 
 At Hardin Village, the recovery of a relatively large sample of neonates, infants and 
children up to 5 years of age suggests that both the recovery and preservation of subadult bones 
was very good.  Archaeological context reveals that these individuals had the highest proportion 
of grave goods, particularly exotic grave goods, compared to adults buried at the site (Davidson, 
2016).  The recovery rate of neonates, infant, and young children – which make up 45.8 percent 
of the recovered burial population at Hardin Village – was high for this population, alleviating 
concerns about recovery bias for these individuals.   
 Taphonomic conditions that were a concern for this site include flood damage, plow 
activities, and encroachment of other late prehistoric graves into the burial context.  The site is 
located on the south bank of the Ohio River, and field notes and excavation photos show 
historical flooding of the river during the spring of 1939 (Bohannan, n.d.).  Analysis revealed 
that at least some of the remains were damaged by the flooding and subsequent exposure to the 
elements.  Other taphonomic concerns include damage caused by plowing, as the site has been 
farmed for much of the past 100 years.  Finally, as the occupants of Hardin Village continued to 
bury their dead at this location, they occasionally encroached on earlier graves, disturbing all or 
parts of the previously interred individual.   
 There is no indication that the individuals at Hardin Village were buried according to sex, 
age, or social status.  Given the large number of subadults, including neonates and infants, old 
adults, and nearly equal distribution of males and females present in the collection, the burials 
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are sufficiently represented by all age and sex categories.  While archaeological recovery, poor 
preservation, and cultural factors which determine where and how individuals can bias a skeletal 
sample, it is suggested that the burial sample is representative of the population at Hardin 
Village.   
Demography 
 The estimation of skeletal sex and age was often confounded by poor preservation and 
pathology or trauma which obliterated the skeletal elements that are sexually dimorphic, or 
which break down in predictable ways during the aging process.  Every effort was made to 
determine age and sex of each individual in the sample.  In some instances, individual age could 
be determined only as adult or subadult, and these individuals were not included in statistical 
analyses.  
Sex 
As seen in Figure 4.2, biological sex could be estimated for 155 of the 205 adults from 
Hardin Village.  There is a nearly even distribution of males and females.  Biological sex could 
not be determined for 26.8 percent of the adults.  For all subsequent analyses, sex categories of 
Female and Probable Female are collapsed to Female and Male and Probable Male were 
collapsed to Male.  
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Figure 4.2 Histogram showing the sample size in each category used during the assignment of 
sex to adult individuals at Hardin Village. 
 
Sex Distribution of Each Village 
 As seen in Figure 4.3, sex could be determined for 54 individuals from the northern 16th – 
17th century occupation, and for 39 individuals from the southern 15th century occupation. Sex 
could be determined for 35 individuals from the overlapping zone (see Figure 3.1).  A chi-square 
comparison of sex distribution of the north and south villages determined there was a statistically 
significant difference (p = .048) between the two villages.  The northern later occupied village 
has significantly more males than females, while the southern, earlier occupied village has 
significantly more females than males.  Reasons for this will discussed later, but some 
hypotheses for these findings include captive taking, where women were being brought into the 
village during the earlier period but taken from of the village during the later period.  
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Figure 4.3. Histogram showing the sample sizes of males and females for the three temporal and regional 
zones.  The presence of more males in the northern village, and more females in the southern village are 
statistically significant (p = .048). 
Age 
Age could be determined for 310 individuals (give number) (76.9 percent). Age could not 
be assigned to 93 individuals due to poor preservation or ambiguity of the skeletal elements that 
experience changes as the skeleton ages.  Of those to whom age could be assigned, the majority 
are subadults less than 18 years of age (Table 4.1).  There is a nearly even distribution of young 
adults (20-35), middle-aged adults (35-50), and old adults (50+) at Hardin Village (Table 4.1).  
Age 
 n % 
Subadult 193 45.8 
Young Adult 36 8.9 
Middle Adult 43 10.6 
Old Adult 38 8.9 
Adult Only 101 25 
Table 4.1  This table shows the distribution of age categories for all of the individuals at Hardin 
Village. Subadult age ranges are from 0 – 18, Young Adult age range is from 19 – 34, Middle 
Adult age range is from 35 – 50, and Old Adults are individuals 50 years of age or greater.  Adult 
only individuals are individuals for whom a specific age category could not be determined due to 
missing or damaged skeletal features, and age was identifiable only as an adult individual due to 
other developmental features. 
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Age Distribution by Village 
 As seen in Figure 4.4, age could be determined for 127 individuals in the north village, 
83 individuals in the south village, and 86 individuals from the overlap zone.  A one-way 
analysis of variance (ANOVA) was conducted to determine if there were any significant 
differences in age categories between the villages.  A Levene's test for homogeneity of variances 
indicated that equal variances could not be assumed for the data due to the high number of 
subadults present in each village; therefore, more robust tests of variance were conducted.  Both 
the Welch and Brown-Forsythe tests for equality of means indicated that there were no 
statistically significant differences in age categories between the villages. 
 
Figure 4.4. Histogram showing age-at-death based on age categories for the Northern and Southern 
Villages at Hardin Village.  
Subadult Mortality and Survivorship 
 Subadults are individuals less than 18 years of age within a skeletal population. There are 
193 subadults that have been identified at Hardin Village; they comprise 45.8 percent of the 
skeletal sample from Hardin Village (Figure 4.4).  Thirty seven percent of the subadults are 
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between the ages of one and five years of age (Figure 4.5), while approximately the same amount 
are less than one year of age (Figure 4.5). 
 
Figure 4.5 Shows the breakdown of number of individuals in each subadult age category. 
 Understanding population size and structure is of key importance to interpreting how 
populations change in relation to key sociopolitical or socioeconomic changes, changes in 
subsistence, the introduction of pathogens, or increasing levels of violence within a region.  The 
average age-at-death of a population measures population growth and fertility (Buikstra et al., 
1986).  Archaeologically, this means that a high number of younger individuals in a community 
represents a higher fertility and birth rate, while a high number of older individuals indicates the 
reverse (Larsen, 1997).  Due to the nature of archaeological skeletal samples, estimating true 
age-at-death for a population can be problematic for a number of reasons, including lower 
recovery rates of infant skeletons, the inability of aging techniques to precisely age individuals 
over approximately 60 years of age (Buikstra et al., 1986).  Buikstra and colleagues (1986) 
developed a proportion designed to overcome these challenges with archaeological skeletal 
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material. The equation D30+/D5+ (where D = death) calculates the number of individuals who 
died over age 30 compared to the number of individuals who died over age five.  This proportion 
has a high correlation (r = -.937) with birth rate (Buikstra et al., 1986: 533).  A higher proportion 
indicates lower fertility, with a higher population loss. 
 An estimation of subadult mortality using the equation D1-5/D1-10 (where D = death) was 
calculated to provide a measure of weaning age deaths against the number of deaths of subadults 
aged 1 to 10 (Buikstra et al., 1986).  This measure assumes that populations with relatively high 
subadult mortality also have high mortality of children during the weaning years (typically ages 
1 – 5) (Buikstra et al., 1986).  High subadult mortality can have many causes, including 
increased fertility rates, but can also be linked to high child deaths due to illness, malnutrition 
and other causes. If subadult mortality rates are high and fertility is low, it could be an indicator 
that the population is struggling. For Hardin Village, the subadult mortality rate is .7889, 
indicating that 78.9 percent of the subadults who survived to age one, did not survive beyond age 
five.   
For the individuals at Hardin Village, the D30+/D5+ Death proportion was calculated as: 
89/166.  The results indicate that Hardin Village has a Death proportion of .5361, highlighting 
that only 53.6 percent of the individuals who survived past age five survive beyond age 30.  A 
proportion of approximately .5 indicates that population loss in the group that lives beyond age 
five is relatively stable, and population growth is not occurring (Buikstra et al., 1986).  When 
combined with the subadult mortality profile, approximately 11.7 percent of the individuals who 
survive past age one at Hardin Village, survive past age 30.  This indicates that Hardin Village 
has a low average age-at-death and high subadult mortality.   
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Pathology 
Anemia and Metabolic Disorders 
The most common indicators of nutritional deficiency in skeletal remains are porotic 
hyperostosis and cribra orbitalia, affecting the bones of the cranial vault and the roof of the eye 
orbit, respectively.  Both conditions produce a porous surface to the outer table of the affected 
bone and were long thought to share similar etiologies.  Porotic hyperostosis is typically the 
result of the expansion of the diploë caused by irregular blood cell production related to anemic 
conditions caused by parasites, infectious disease, blood loss, genetic or chronic conditions, 
and/or nutritional deficiencies (Ortner, 2003; Rivera & Lahr, 2017; Walker, 2009).  Porotic 
hyperostosis can also be caused by a number of different anemic conditions including 
thalassemia, sickle-cell anemia, scurvy, congenital hemolytic anemia, and iron-deficiency 
anemia, while cribra orbitalia is most often caused by scurvy or anemias caused by chronic 
conditions (Rivera & Lahr, 2017).  Congenital hemolytic anemia, scurvy, and iron-deficiency 
anemia are all possible candidates for the cause of the porotic hyperostosis at Hardin Village 
(Ortner, 2003; Oxenham & Cavill, 2010).  The gene mutations for thalassemia and sickle-cell 
anemia do not appear to be present in Native American ancestry prior to European contact, so are 
not likely causes of the porotic hyperostosis at Hardin Village (Ortner, 2003).  Differentially 
diagnosing which conditions are causing porotic hyperostosis and cribra orbitalia at Hardin 
Village is important to understanding the disease processes present in the population.   
One potential cause of both porotic hyperostosis and cribra orbitalia at Hardin Village is 
scurvy.  Scurvy results from the prolonged lack of vitamin C in the diet.  The body’s vitamin C 
stores can last for at least 160 days of total deprivation.  Prolonged, or severe lack of vitamin C 
can affect the internal organs and has a high mortality rate, especially for young children (Ortner, 
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2003).  Vitamin C deficiency usually does not occur prior to 4 months unless the mother was 
suffering from scurvy while pregnant and is rare in children younger than 8 – 10 months of age 
(Ortner, 2003).  Scurvy results in the diminished or absent formation of the bone matrix, 
particularly for infants and small children, and causes spontaneous or trauma induced 
hemorrhages throughout the body leading to numerous lesions (Armelagos, Sirak, Werkema, & 
Turner, 2014; Ortner, 2003).   
Skeletal lesions caused by scurvy occur from increased vascularity and injury 
accompanied by hemorrhaging, causing increased porosity to a bone surface.  This is 
accompanied by decreased activity of osteoblasts, and continued activity of osteo and chondro 
clasts (Armelagos et al., 2014).  Porosity is of varying sizes and densely covers an area of 
hypervascularization (Stark, 2014).  Lesions of the vault most often affect the bosses of the 
parietal, frontal, and occipital bones as well as the squamous portions of the temporal bones 
(Brickley & Ives, 2006; Ortner, 2003).  Other changes to the skull include increased porosity on 
the greater wings of the sphenoid, swelling of the zygoma and increased porosity with new bone 
growth on the roof of the orbits (Brickley & Ives, 2006; Ortner, 2003; Rivera & Lehr, 2017).   
Ribs are often fractured adjacent to the osteochondral junction and dislocated at the 
sternal side of the costochondral joint in cases of scurvy.  The rib side of the costochondral joint 
enlarges and flairs abnormally, forming the “scorbutic rosary” (Klaus, 2017; Ortner, 2003).  
Long bones display marked cortical thinning with the deposition of reactive bone with a texture 
and appearance similar to that of pumice (Klaus, 2017; Stark, 2014).  The neck of the femur has 
a depressed angle due to the collapse of the metaphysis below the head, and other metaphyses 
may be collapsed (Ortner, 2003).  Scurvy rarely affects the skeleton of adults, but indicators of 
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adult onset scurvy include inflammatory changes to the alveolar bones due to chronically 
bleeding gums and transverse fractures of the osteocartilaginous joints of the ribs (Ortner, 2003). 
Other potential causes of porotic hyperostosis include congenital hemolytic anemia 
(hereditary spherocytosis) and iron-deficiency anemia.  Both also cause expansion of the diploë, 
however changes to the skeleton are uncommon with congenital hemolytic anemia (Ortner, 
2003).  Iron-deficiency anemia can be caused by a multitude of mechanisms, including 
deficiency in the diet, iron binding agents in the diet, infections or parasites in the 
gastrointestinal tract, excessive bleeding during menstruation or injury (Ortner, 2003; Oxenham 
& Cahill, 2010; Rivera & Lahr, 2017).  Skeletal changes resulting from iron-deficiency anemia 
include expansion of the diploë and resorption of the outer table, “hair on end” alignment of the 
trabeculae, and osteoporosis of the long bones (Ortner, 2003; Oxenham & Cahill, 2010). 
Approximately 25.4 percent (n = 95) of the individuals at Hardin Village who had 
observable crania had evidence of porotic hyperostosis.  For prehistoric communities, active 
cases of porotic hyperostosis are most common amongst subadults (Walker et al., 2009).  At 
Hardin Village, active cases of porotic hyperostosis are nearly equally split between subadults 
and adults (Figure 4.6).  Active cases are slightly more common among young adults than among 
middle and old adults (Figure 4.6).  Three individuals with porotic hyperostosis were of 
indeterminate age.  An independent samples t-test showed that more males than females showed 
evidence of porotic hyperostosis, which approaches significance at p = .068.  There are no 
significant differences between villages in the rate of active porotic hyperostosis. 
Iron-deficiency anemia is the most likely explanation for much of the porotic 
hyperostosis at Hardin Village.  This type of anemia can be caused by lack of iron in the diet, 
iron binding agents in the diet, infections or parasites in the gastrointestinal tract, and excessive 
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bleeding during menstruation or injury (Ortner, 2003; Oxenham & Cahill, 2010; Rivera & Lahr, 
2017).  Congenital hemolytic anemia is uncommon and rarely causes skeletal lesions but cannot 
be entirely ruled out as the cause of the porotic cranial lesions due to its similar skeletal 
appearance and underlying mechanisms as iron-deficiency anemia and the inability to conduct 
destructive testing to rule out the condition.  More than half of the active cases of porotic 
hyperostosis affect the skulls of adult individuals, ruling out scurvy for these individuals.  Scurvy 
can also be ruled out for 16 of the subadults at Hardin Village because their post-cranial remains 
are not impacted.  The affected individuals are of Native American ancestry and are not from a 
region of the world where malaria is common, precluding thalassemia and sickle-cell anemia as 
likely causes.    
 
Figure 4.6 This histogram shows the sample size of each category where active cases of porotic 
hyperostosis are present at Hardin Village.                                                               
Cribra orbitalia is also an indicator of nutritional deficiencies in prehistoric populations.  
Recent research indicates that cribra orbitalia is not similarly associated with diploë expansion of 
the vault and is instead associated with thinning in the diploë, indicating that cribra orbitalia may 
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have a different etiology than porotic hyperostosis (Rivera & Lahr, 2017; Walker 2009).   
Instead, cribra orbitalia may be associated with Vitamin C deficiencies (scurvy), especially in 
young children, or anemias caused by chronic diseases (Rivera and Lahr, 2017).    
Nutritional Anemia (N = 374) 
Porotic Hyperostosis 
   Sex Severity 
 n % n (M/F) 
%  
(M/F) Slight Moderate Severe 
Yes 95 25.4 34/22 51.5/35.5 41 36 8 
No 279 74.6      
Cribra Orbitalia 
Yes 29 7.8 4/2 6/3 14 10 4 
No 345 92.2      
Table 4.2  This table shows the distribution of the presence and absence of porotic hyperostosis 
and cribra orbitalia, its distribution by sex, and the number of slight, moderate, and severe cases 
for each condition. 
At Hardin Village, 7.8 percent (n = 29) of individuals had evidence of cribra orbitalia 
(see Table 4.2).  Thirteen individuals, 3.5 percent, had evidence of both porotic hyperostosis and 
cribra orbitalia.  Four individuals with cribra orbitalia are young adults, and only one individual 
each from the middle and old adult age categories presented an active case of cribra orbitalia – it 
is likely that cribra orbitalia may be the result of anemias caused by chronic conditions for these 
six individuals, as scurvy does not usually impact the roof of the orbits in adults and older 
subadults (Ortner, 2003; Rivera & Lahr, 2017).  Twice as many males as females have cribra 
orbitalia (Table 4.2), but the number of cases for adults is low and is not statistically significant. 
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Figure 4.7  This histogram shows the sample size of each age group that shows evidence of 
cribra orbitalia at Hardin Village. 
Vitamin C Deficiency 
Research by Rivera and Lahr (2017) indicates that the most likely cause of cribra 
orbitalia in young subadults is scurvy.  Seventy-five percent (n = 18) of the individuals at Hardin 
Village with any case of cribra orbitalia are subadults (Figure 4.7).  The youngest subadult with 
cribra orbitalia at Hardin Village is approximately 1.5 years, and the oldest is 15.  For these 18 
subadults, there is the possibility that some of the cases of cribra orbitalia may be the result of 
scurvy.  Less severe cases of scurvy in subadults may only affect the roof of the orbits, making it 
difficult to distinguish cases of scurvy from other conditions which cause cribra orbitalia, such as 
congenital disorders and anemias (Armelagos, Sirak, Werkema, & Turner, 2014; Ortner, 2003).  
Severe cases of scurvy also result in lesions of the cranial vault and post cranial skeleton.  Two 
subadult individuals at Hardin Village show evidence of scurvy. 
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Burial 109.   
This individual is a subadult of approximately 3 years of age.  The individual has bilateral 
cribra orbitalia which is more severe on the left side.  The left roof of the orbit has dense porosity 
with new bone growth projecting into the ocular space (Figure 4.8).  The left and right parietals 
along the posterior aspect of the sagittal suture and superior to the lambdoidal suture and the 
occipital along the lambdoidal suture have hypertrophic, highly vascularized lesions with dense 
areas of porosity of varying sizes (Figure 4.9).  Scorbutic lesions of the vault most often affect 
the areas near the frontal and parietal bosses, which is consistent with these lesions (Brickley & 
Ives, 2006; Ortner, 2003). Although no other cranial or post-cranial lesions are present, lesions of 
the post-cranial skeleton usually occur only in cases of long-lived deficiency, or in repeated 
cases of deficiency (Armelagos et al., 2014; Brickley & Ives, 2006; Ortner, 2003).  This 
individual was likely in the early stages of Vitamin C deficiency. 
 
Figure 4.8  This photo shows the dense macroporosity and new bone growth of the left orbit of 
Burial 109 associated with scurvy. 
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Figure 4.9  This photo shows the dense areas of porosity associated with scurvy on the left 
parietal of Burial 109. 
Burial 290.   
 
This individual is between 12 and 15 years of age.  The individual has slight active 
lesions on the roof of the left orbit, and slight active lesions on the right parietal.  The individual 
also porotic lesions affecting maxillae, mandible, and left femur, along with hypoplastic defects 
of the enamel on the right maxillary canine, and both maxillary first incisors (Figure 4.10).  
Maxillary porosity extends across the alveolar process and increases in density at the nasal 
aperture and root of the nasal spine.  Mandibular porosity is focused on the right ascending 
ramus towards the coronoid process.  Additional mandibular porosity is focused on the alveolar 
portion just below the right mandibular M1 and is likely related to an abscess forming around the 
tooth.   
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Figure 4.10  This photo shows both the linear enamel defects on the right maxillary canine and the right 
maxillary first incisor.  It also shows porosity extending across the alveolar process which increases in 
density at the nasal aperture. 
 
 Additional lesions are focused around the distal end of the left femur.  These lesions are 
hypertrophic in nature and are the result of the destruction of the cortex surrounding the 
trabecular bone (Figure 4.11).  Cortex destruction may have been caused by hemorrhagic 
bleeding from an injury to the posterior distal metaphysis (seen just to the right of the 0 in Figure 
4.11), as is common in advanced cases of Vitamin C deficiency (Armelagos et al., 2014).  One 
notable feature of this lesion is a depressed area that is 1.56 cm x 1.65 cm in width just proximal 
of the unfused epiphysis. 
64 
 
 
Figure 4.11 This photo shows the hypertrophic lesions on the posterior portion of the femur.   
 
Vitamin D Deficiency 
Evidence of other metabolic conditions, like vitamin D deficiency, was also observed.  
Vitamin D deficiency resulting in rickets or osteomalacia, can be caused by more than 60 
different conditions (Ortner, 2003: 393).  Deficiency can be caused by intestinal parasites, 
infections of the GI tract, failure to absorb enough sunlight, and congenital and chronic 
conditions which cause variations to the amount of vitamin D, calcium, and/or phosphate that 
can be absorbed.  Vitamin D deficiency prevents the protein in bone from mineralizing, changing 
its ability to support the biomechanical stress that normal function causes to the skeleton and 
causing the bone to deform (Ives & Brickley, 2014; Ortner, 2003).  Rickets and osteomalacia 
occur at different stages of the lifespan, with rickets occurring during the growth and 
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development of children, and osteomalacia occurring primarily in adults (Brickley, Mays, 
George, & Prowse, 2018; Ortner, 2003). 
The effects of vitamin D deficiency on the skeleton of young children can be extensive.  
Although bone protein can no longer be mineralized in severe cases of vitamin D deficiency, 
bone matrix and cartilage continue to develop, leading to swelling at some osteocartilaginous 
junctions (Ortner, 2003).  Skeletal manifestations occur in the most rapidly growing areas of the 
skeleton, including the skull, osteocartilaginous junctions of the ribs, the proximal humerus, and 
the distal metaphyses of the femur, radius, and ulna (Brickley, Moffat, & Watamaniuki, 2014; 
Ortner, 2003).  Changes to the skull include areas of thin, soft bone and may occur prior to 
changes to the long bones.  Changes to the long bones can depend on the degree of nourishment 
the child or infant has during vitamin D deficiency.  Well-nourished children will develop 
thickened bones with thin medullary cavities, while under and mal-nourished children develop 
thin, brittle cortices with sparse and cancellous trabeculae (Ortner, 2003).   
Bending deformities in under mineralized bone are common in recurring cases of vitamin 
D deficiency (Brickley et al., 2014).  Deformities are caused by both stress fractures in bones 
that are too weak to support the biomechanical load of the body, and by the lack of 
mineralization of the bone protein.  In children who have not yet learned to walk, bending 
deformities occur in the humerus, with the humeral head depressed medially downward, and the 
shaft bent laterally and towards the anterior of the body (Ortner, 2003).  Femoral, tibial, and 
fibular bending occur in children who have learned to walk (Brickley et al., 2014).  The femoral 
neck bends downward, while the femoral shaft bends at the distal metaphysis, resulting in 
anterolateral convexity of the femur (Brickley et al., 2014; Ortner, 2003).  The tibia and fibula 
both bow anteriorly.  If uptake of vitamin D resumes to adequate levels, bending deformities 
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may become permanent as bone protein begins to mineralize (Jones, 2018).  Other deformities 
and skeletal changes may disappear as vitamin D levels return to necessary levels. 
Osteomalacia is the result of vitamin D deficiency that occurs once skeletal growth has 
stopped.  Bending deformities such as those seen in rickets do not occur, but instead, trabecular 
and cortical bone are replaced by unmineralized osteoid as the bone remodeling process occurs 
(Ives & Brickley, 2014; Ortner, 2003).  Mild cases of osteomalacia are indistinguishable from 
cases of osteoporosis, however in more severe cases, mechanical deformation may occur from 
fractures (Ortner, 2003).  Areas of the skeleton with the most changes due to osteomalacia 
include the ribs, sternum, vertebrae, and pelvis.  The vertebrae become flattened and develop 
cupping that may cause kyphosis (Ives & Brickley, 2014; Ortner, 2003).  The kyphosis causes 
the ribs to alter their curvature and may affect the angle of the sternum.  In addition, the two 
lowest lumbar vertebrae can enter the pelvic girdle, causing the ilia to curve forward and the 
pubic symphyses to project forward (Ortner, 2003).   
Two individuals from Hardin Village show evidence of vitamin D deficiency.  The first is 
a subadult aged 5 years old.  The long bones are fragmentary for this individual, but tibial 
fragments show evidence of anterior bowing – typical of individuals who experienced vitamin D 
deficiency as a child who has already begun to walk (Ortner, 2003).  The second individual is an 
old adult female whose femoral shafts bow anteriorly (Figure 4.12).  This individual would have 
experienced vitamin D deficiency as a child, after they had begun walking (Ortner, 2003).  She 
also has a healed rib fracture – with a small, single callous that is not consistent with a rachitic 
rosary – and severe osteoarthritis of the lumbar vertebrae and os coxae.   
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Figure 4.12  This photo shows the anterior bowing of the femoral shafts of Burial 92A, an old 
adult female who experienced childhood vitamin D deficiency. 
 
Inflammation and Infection 
Infections primarily involve the soft tissues of the human body and relatively few affect 
the human skeleton (Waldron, 2009).  It is often difficult to distinguish individual infectious 
diseases from skeletal remains (Ortner, 2007).  Infections primarily involve common bacterial 
organisms like streptococcus and staphylococcus type bacteria, while other conditions like 
treponemal infection and tuberculosis are much less common (Martin and Goodman, 2002).  
Most infection that impacts the skeleton does so through inflammation of the periosteum – the 
thin sheath of tissue surrounding the bone which connects the musculature and ligaments to the 
bone and do not affect the medullary cavity (Weston, 2011; White, Black, & Folkens, 2012: 
446).  The skeletal appearance of periosteal reactions includes the deposition of additional bone 
over the cortex; the deposited bone can be woven, lamellar, or sclerotic, and often is also porous 
from hypervascularization (Buikstra & Ubelaker, 1994; Ortner, 2007; White, Black, & Folkens, 
2012).  Reactive bone can be differentiated from non-reactive bone through changes in porosity 
and texture of the affected surface.  Often, this type of reaction occurs through injury or localized 
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skin infections and affects a relatively small portion of the skeleton, but it may also be the result 
of more systemic bacterial or skin infections (Martin and Goodman, 2002; Ortner, 2007).  Adults 
are more likely to show evidence of periosteal reaction – children either do not recover from the 
assault which caused the inflammation and die before it can leave skeletal indicators (Wood et 
al., 1992), or recover and the evidence is obliterated through resorption.  It was important to 
identify if evidence of inflammation was localized to a specific bone or portion of the body or 
was generalized throughout the body to try to distinguish between chronic cases of infectious 
illness, or inflammation caused by injury or trauma.   
Localized Periosteal Reactions 
Localized periosteal reactions can have many possible etiologies, including trauma, 
hemorrhage, or a localized skin infection (Weston, 2011).  Many of the localized reactions at 
Hardin Village have no known etiology, but two can be attributed to trauma.  Localized 
periosteal reactions affect 35 individuals at Hardin Village.  There were 21 individuals whose 
sex could be estimated that had a localized periosteal reaction; of those individuals whose sex 
could be determined, 61.9 percent were male, and 38.1 percent were female.  Although males 
were almost twice as likely as females to have a localized lesion, there were no significant 
differences between males and females and localized reactions.  Age could be determined for 26 
individuals who had a localized periosteal reaction.  Adults were more than four times more 
likely to have a localized infection than subadults (Figure 4.13).  There are no statistical 
differences in number of adults with localized periosteal reactions between the age categories.  
Further, there are no statistical differences between time periods and localized periosteal 
reactions. 
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Figure 4.13  This histogram shows the age differences for those individuals who had a localized 
periosteal reaction where age could be determined. 
Localized Periosteal Reactions Attributable to Trauma.  
Burial 39.   
This individual is a middle adult female. The localized periosteal reactions affect the 
distal diaphysis of both left and right radii and ulnae.  A common type of fracture that affects this 
area is a colles fracture, which is caused when an individual falls and uses their hands to catch 
themselves (Lovell, 1997).  In this case, there is a large thick callous on both left and right distal 
radii, both of which are still healing. 
Burial 41.   
This individual is a middle adult male with a periosteal reaction on both the left and right 
distal radial diaphysis.  There is lamellar deposition of bone and a slight thickened area 
associated with both reactions, indicating the injury is still in the healing process.  This injury is 
very similar to Burial 39’s but is less severe and does not impact the ulnae. 
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Generalized Periosteal Reactions 
Generalized periosteal reactions are often the result of systemic processes which cause 
widespread inflammation of the periosteum – typically systemic bacterial infections, nutritional 
deficiency, specific diseases like treponematosis or tuberculosis, or syndromes such as 
hypertrophic osteoarthropathy (Ortner, 2007; Weston, 2011).  There are 13 individuals with 
generalized periosteal reactions at Hardin Village.  Sex could be determined for 9 individuals 
with generalized inflammation; 66.7 percent were female, and 33.3 percent were male. Females 
were twice as likely to have a generalized infection than males. Age could be determined for 11 
individuals with generalized reactions.  Adults were ten times more likely to have a generalized 
infection than subadults (Figure 4.14). Adults of the middle and old adult age categories were 
each twice as likely than young adults to have a generalized reaction.  There are no statistically 
significant differences in the rate of generalized periosteal reactions between age groups, sex, or 
village. 
 
Figure 4.14 This histogram shows the distribution of individuals who had a generalized 
periosteal reaction by age category.   
1
2
4 4
0
1
2
3
4
Subadult Young Adult Middle Adult Old Adult
Generalized Infection by Age Category 
(N = 11)
71 
 
 Generalized periosteal reactions often accompanied other indicators of disease and 
nutritional deficiency.  Seven of the eleven individuals with a generalized reaction also had 
porotic hyperostosis and one had cribra orbitalia (which did not accompany porotic 
hyperostosis), which may indicate that this generalized reaction was the result of nutritional 
deficiency rather than systemic disease.  One individual also had an accompanying lytic lesion 
on the lateral body of left calcaneus near the attachment of the calcaneofibular part of the lateral 
collateral ligament.   
Osteomyelitis 
Other evidence of infectious disease was also considered.  Infectious disease rarely leaves 
evidence on the skeleton in severe or fast-moving cases where those afflicted die rapidly (Ortner, 
2007).  Osteomyelitis, a slow-moving infection capable of impacting the bone tissue, is the result 
of any "infection of the bone and bone marrow which results in the inflammatory destruction of 
bone (Waldron, 2009: 84)," and can be caused by any number of different organisms – the most 
common being Staphylococcus aureus. Infection may spread through the blood into the bone, 
from a nearby organ, or from injuries which penetrate the bone, like animal bites and compound 
fractures (Waldron, 2009).  In osteomyelitic infections, the medullary cavity narrows as a result 
of infection or inflammation of the endosteal surface (Marklein, Leahy, & Crews, 2016: 213).  
Ostemyelitic infections demonstrate several external characteristics including thickening of the 
shaft of the bone caused by the deposition of coarsely woven bone known as involucrum 
(Kołodziej et al., 2015; White, Black, & Folkes, 2012).  Cloacae, channels through which the pus 
drains, are formed through the bone and pass into soft tissues sinuses that bring the pus through 
the soft tissues surrounding the bone and to the surface (Ortner, 2007; Waldron, 2009).  Infection 
under the periosteum stimulates the production of new bone which forms a thick layer over 
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infected bone known as an involucrum (Waldron, 2009). New bone formation may compromise 
blood supply and cause necrosis of some bone tissue. This necrotic bone tissue may break into 
small pieces which become isolated in the medullary cavity, known as sequestra (Ortner, 2007; 
Waldron, 2009).  At Hardin Village, there are two individuals with osteomyelitis. Both are young 
adult males. 
Burial 331.   
 
This individual is a young adult male from the south village.  The infection impacts left 
tibia, left ilium, and right clavicle.  The infection has caused an active cloaca on the left tibia and 
left ilium (Figure 4.15).  The cloaca on the left ilium is accompanied by a periosteal reaction.  A 
periosteal reaction is also present on the left distal femur and is likely related to the infection of 
the left tibia.  The right clavicle also presents with a cloaca and surrounding involucrum.  This 
individual also has evidence of active porotic hyperostosis, a lesion on the right frontal, and a 
healed fracture of the right fibula that has healed misaligned and possibly contributed to the 
infection.  
 
Figure 4.15 This image shows the cloaca of the left tibia from Burial 331.  
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Burial 69.  
 
This individual is also a young adult male with active porotic hyperostosis and cribra 
orbitalia.  The osteomyelitis impacts the left tibia and femur as well as the right tibia, patella, and 
foot. This infection affects the entire left tibia and femur with large areas of striated bone 
affecting the shaft of the tibia, with a very large callous on the distal portion. A cloaca can be 
seen on proximal lateral portion of the right tibia (Figure 4.16).  The bones here are completely 
misshapen, and the right tibia is similarly affected. The infection of the left tibia extends to the 
femur with proximal tibial and distal femoral epiphyses primarily affected.  Some striated bone 
may be seen on the shaft of the tibia and femur. The infection also affects the insertion of the 
gluteus maximus on the left femur. Osteomyelitis affecting the right tibia presents as similar to 
left tibia with exception of the cloaca. Callous buildup affects entire posterior portion of the 
shaft, though striated bone is less prominent. This infection also impacts the right foot and 
patella. It is likely that this infection is the result of a systemic assault.   
In addition, there are deep, vascularized grooves just posterior to the superior articular 
facets of vertebrae C1 – T1, which seem to indicate that the individual recently started spending 
a significant amount of time with their head tilted back.  This accompanies a large, highly 
vascularized, depressed region of the occipital that does not appear to be traumatic in origin 
(though this individual does have one healed depressed cranial fracture), that may indicate that 
this individual spent a significant amount of time laying prone with their head tilted back.  
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Figure 4.16  This image shows the cloaca caused by the osteomyelitis impacting the right tibia 
of Burial 69. 
Other Pathological Conditions Observed 
 Other pathological conditions observed were not the result of widespread infectious 
disease or malnutrition but were the result of isolated incidents such as dental abscesses or ear 
infections.  Dental pathological conditions included carious lesions and abscesses, but overall 
oral health seemed within the range for pre-contact maize agriculturalists (see Cohen & Crane-
Kramer, 2007).  Osteoarthritis was slight to moderate among older adults, though a few cases 
could be described as severe.  
Stature 
 Stature measurements for adults at Hardin Village could be taken for 69 adults, 35 
females and 34 males.  The mean stature at Hardin Village is 163.4 cm, or 64.3 inches.  The 
mean stature for females is 159.3 cm while the mean stature for males is 167.5 cm. On average, 
males are 8 cm taller than females at Hardin Village (Table 4.3).  The stature differences 
between males and females at Hardin Village is statistically significant at the .05 level (p < .01). 
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Sex Stature in CM Stature in Inches 
Males 167.51 65.9 
Females 159.32 62.7 
Table 4.3  This table shows the mean stature for males and females at Hardin Village. 
 Forty-four individuals for whom stature could be measured could be assigned to either 
the 15th – 16th century south village or the later 17th century north occupation.  Thirty-three 
individuals for whom stature could be measured were from the later occupation, while eleven 
were from the earlier occupation.  The mean stature for the later occupation was 163.6 cm while 
the mean stature for the earlier occupation was 160.3 cm (Table 4.4).  There is no statistically 
significant difference in stature between the two occupations.  There were also no significant 
differences between males and females for either the south village occupation or the north village 
occupation.  
Occupation Stature in Centimeters Stature in Inches 
South Village 160.26 63.1 
North Village 163.57 64.4 
Table 4.4  This table shows the mean stature for each occupation at Hardin Village. 
Entheses and Stress Markers 
Entheses are the areas of origin and insertion for soft tissues which attach to the bones. 
Repeated stress to the soft tissues which originate and insert into to the skeleton are thought to 
cause bony responses at these origin and insertion points.  Specific attachment points can be used 
to reconstruct the physical activities of populations living in the past (Mariotti et al., 2007).  Nine 
points on the humerus, radius, ulna, femur, and tibia were scored as Low-Medium, High, or Very 
High using the standards developed by Mariotti and colleagues (2007).  Subadults were not 
scored for enthesial changes, as developmental changes to the structure of the bone are still 
occurring. 
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Young adults at Hardin Village scored primarily within the Low-Medium development 
range for most enthesial markers, with the exception of iliopsoas (Figure 4.17).  This is 
unsurprising, as age is a factor in enthesial development.  Middle adults have a higher proportion 
of High and Very High development, but the majority of middle adults for whom entheses could 
be scored were in the Low-Medium range of development with the exception of iliopsoas (Figure 
4.18).  By old adulthood, scores for enthesial development are higher, with more individuals 
scoring High or Very High in development (Figure 4.19).  Iliopsoas again stands out with four 
times more individuals scoring High or Very High in development than Low-Medium 
development.  It is not surprising that enthesial development is greater for adults of greater age; 
skeletal changes due to work related stress are cumulative (Miella et al., 2012). 
 
Figure 4.17  This histogram shows the enthesial development of the young adults at Hardin 
Village, by number of individuals who scored low-medium, high, and very high. 
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Figure 4.18 This histogram shows the enthesial development of the middle adults at Hardin 
Village, by number of individuals who scored low-medium, high, and very high. 
 
 
Figure 4.19 This histogram shows the enthesial development of the old adults at Hardin Village, 
by number of individuals who scored low-medium, high, and very high. 
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the quadriceps tendon than females, perhaps indicating that tasks which activate the quadriceps 
tendon were more often completed by males than females; this difference is significant when 
comparing the mean scores of enthesial development between males and females (p < .01).  
Females had a higher mean score for the brachialis muscle group, but this difference was not 
significant.  Scores for iliopsoas do not seem to favor one sex over the other (male: 2.14, female: 
1.79) indicating that both sexes completed tasks which activated the iliopsoas frequently.  There 
are no other significant differences in enthesial development between males and females, even 
when controlling for age.  
 
Figure 4.20 This histogram shows the enthesial development of the females at Hardin Village, 
by number of individuals who scored low-medium, high, and very high. 
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Figure 4.21 This histogram shows the enthesial development of the males at Hardin Village, by 
number of individuals who scored low-medium, high, and very high. 
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age category (Figure 4.23).  No significant differences in the presence of squatting facets were 
found between males and females.  Other markers were not tested for significance because of 
their small sample size. 
 
Figure 4.22  This histogram shows the rates of stress markers by sex at Hardin Village. 
 
 
Figure 4.23 This histogram shows the rates of stress markers by age at Hardin Village. 
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Trauma 
Evidence of skeletal trauma is the most direct way of identifying acts of violence in the 
past.  Cuts, fractures, and projectile trauma are all possible indicators of violent interactions 
between persons and groups in the past.  Skeletal remains provide a means of offering empirical 
data about violence in the past, including the types of trauma present, who was likely to be 
targeted, and whether that violence was lethal or non-lethal.  By focusing on patterns of cuts, 
fractures, and projectile trauma, bioarchaeologists can determine whether certain injuries were 
likely to be caused from accidents like falls or were the result of injuries sustained during 
conflict.  Trauma must also be distinguished from cultural practices like mortuary preparations of 
the body, which may cause a number of cuts, fractures, and disarticulations throughout the 
skeleton; these cuts and fractures often focus at major muscle attachment points and are often 
distinct from those caused by violent injuries. 
The trauma found at Hardin Village can be divided into the three basic types – blunt 
force, sharp force, and projectile trauma.  This translates into fractures, cut marks, and projectile 
injuries.  At Hardin Village, injuries include cranial depression fractures, post-cranial fractures, 
projectile trauma, scalping, and cut and stab wounds.   
Cranial Depression Fractures 
Depressed fractures of the cranium are the result of blunt force trauma to the head. These 
can appear as linear fractures or as crush fractures that may impact the endocranium, but do not 
always (Lovell, 1997).  In perimortem cases, the linear, radiating, or penetrating fracture(s) will 
still be present, often with adhering fragments of bone or in some cases, hinge fractures on the 
endocranial surface.  In antemortem cases, all that may remain to indicate that an injury occurred 
is a divot or depression on the exterior surface of the skull that is the result of both the force 
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applied during the injury and the healing process after the injury.  During the injury, the force 
applied causes the area of the injury to flatten a portion of the curved cranial surface and may 
also deform the surrounding area of the cranium outward (Lovell, 1997).  
At Hardin Village, 44 of the 374 (10.9%) individuals with crania have at least one cranial 
depression fracture (CDFs).  Of these, 43 individuals are adults, and 1 is a subadult aged 
approximately 16 – 18 years.  Individuals with cranial depression fractures had between one and 
five fractures, with no individual having more than five fractures.  The majority of the fractures 
(79%) are antemortem, while 16 are perimortem (Table 4.5).  Twenty-three individuals had just 
one fracture, while the other 21 individuals had between two and five CDFs (Table 4.x).  For the 
two individuals with five cranial depression fractures, all five are considered perimortem (Figure 
4.24). 
 
Figure 4.24  This image shows three of the five perimortem cranial depression fractures received 
by Burial 335. 
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Sex was identifiable for 36 of 44 (81.8%) individuals with cranial depression fractures. 
Of those, 21 (58.3%) were male and 15 (41.7%) were female.  There are no significant 
differences between males and females for presence of cranial depression fractures or number of 
cranial depression fractures.  There were no statistically significant differences between males 
and females and village occupation for the presence of cranial depression fractures. 
Number of Cranial Depression Fractures (N = 374) 
 Timing of Fractures Sex (N = 119) 
Fracture # n % Antemortem Perimortem Males (N = 61) (n/%) 
Females (N = 58) 
(n/%) 
0 330 88.2     
1 23 6.1 20 3 12/19.7 6/10.3 
2 13 3.5 23 3 5/8.2 6/10.3 
3 4 1.1 12 0 3/4.9 1/1.7 
4 3 .8 8 0 1/1.6 2/3.4 
5 2 .5 0 10   
Table 4.5  This table shows the number of individuals with a certain number of cranial 
depression fractures.  This table also shows how many of the collective number of cranial 
depression fractures are antemortem or perimortem. 
Age could be determined for 31 of the individuals with cranial depression fractures 
(Figure 4.25).  There were no significant differences between age categories for presence of 
cranial depression fractures or for number of cranial depression fractures.  There were no 
statistically significant differences between age categories in each village occupation. 
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Figure 4.25  This histogram shows the age distribution of the individuals with cranial depression 
fractures. 
 Cranial depression fractures were located on the frontal, left and right parietals, and the 
occipital (Figure 4.26).  Seven CDFs were located on the occipital, 10 on the right parietal, 24 on 
the left parietal, and 33 on the frontal.  Eleven of the CDFs on the frontal were on the left side of 
the frontal, nine were on the right, and 13 were located on the central portion of the frontal.  
Females and males both had cranial depression fractures on all of the bones affected.  Males 
were more slightly more likely than females to have cranial depression fractures on the frontal, 
especially the left frontal – males had seven left frontal cranial depression fractures, while 
females had three). 
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Figure 4.26  This figure shows the distribution of cranial depression fractures across the skull by 
sex.  Adapted from Wilkinson, 1997. 
 
 The distribution of cranial depression fractures indicates that the injuries were most likely 
sustained during incidents of interpersonal violence.  Most of the fractures are above the hat-
brim line discussed in Chapter 3, which are more likely to be the result of interpersonal violence 
than accidental trauma (Kremer et al., 2008).  The placement of the majority of the cranial 
depression fractures on the frontal and left parietal implies that the conflict was often face to 
face.  Assailants who were right handed, as the majority of people are, would strike the left side 
of the skull and cause more frequent injury to that area – as is seen in this case. 
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Other Cranial Trauma 
 Twelve individuals (3.2%) at Hardin Village experienced other types of cranial trauma, 
including non-vault fractures, cut and chop marks, and one projectile injury.  Age could be 
determined for seven of the twelve individuals with other types of cranial trauma; three were 
young adults (18 – 35), three were middle adults (35 – 50), and one was an old adult (50+).  
Four individuals (3 males and 1 female) showed signs of healed nasal fractures (Table 
4.6).  The female individual with the healed nasal fracture was an old adult; one male was a 
middle adult, one male was a young adult, and one male was only identifiable as an adult.  One 
young adult female experienced a fracture to the right maxilla, affecting the alveolar margin 
around the canine and premolars, causing the loss of 3rd premolar, medial torsion of the 4th 
premolar and distal torsion of the canine.  An additional young adult individual of unknown sex 
experienced a fracture of one of the individual's styloid processes.  All of these fractures were 
antemortem. 
Other Cranial Trauma 
 Timing Sex* (N = 119) 
 n Antemortem Perimortem Males (N=61) Females (N = 58) 
Cut/Chopmarks 5 0 5 1 1 
Fractures 6 6 0 1   
Nasal 4 4 0 3 1 
Other 2 2 0  1 
Projectile 1 0 1 1  
Table 4.6  This table shows the total number of non-CDF cranial injuries and the timing of the 
injury. 
 Five individuals, including one male and one female, showed evidence of cut and chop 
marks (Table 4.6).  Two individuals were middle adult, including the male individual, while the 
other three individuals could only be identified as adult.  All the cut and chop marks are 
perimortem, and occur on the frontal, occipital, or parietals, with one exception.  These cuts 
appear to be from incidences of scalping, but the entire scalp may not have been removed.  The 
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female individual of unknown age assigned to Burial 203 is represented by a skull and C1 – C4 
vertebrae and has a single chop mark on the left transverse process of the C4 vertebra. 
One individual, Burial 166 – a young adult male – has evidence of a perimortem projectile entry 
wound to the center of the frontal, with accompanying beveling, and cracking (Figure 4.27). The 
projectile removed a 694.2 mm2 area of bone from the center of the frontal. The projectile may 
have been traveling at a low velocity and been somewhat large.  
 
Figure 4.27  This image shows the projectile injury, including beveling, to the central frontal of 
Burial 166. 
 
Post-Cranial Trauma 
 Twenty-three individuals at Hardin Village have post-cranial injuries.  These include cut 
and chop-marks, including one puncture wound, and fractures which caused identifiable changes 
to the bone.  Fractures were the most common post-cranial injury and occurred primarily in the 
long bones of the legs and arms.  Taphonomic damage was present in nearly every thoracic 
region, potentially obscuring additional rib and vertebral fractures.  
 Thirteen individuals including seven males and six females had evidence of post-cranial 
fractures.  Twelve of these fractures were antemortem, and one – a green stick fracture on a right 
rib 4 – 9 – was perimortem.  Rib fractures were the most common type of post-cranial fracture, 
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with five individuals experiencing at least one broken rib.  Fractures of the fibula or tibia were 
the second most common post-cranial fracture – three individuals broke their tibia, while one 
individual broke their fibula.  Two other individuals broke both their left radius and ulna, injuries 
that may be associated with interpersonal violence, as an individual would raise their left arm to 
fend off a blow from a right-handed attacker in face-to-face conflict (Lovell, 1997).   
 Cut and chop mark injuries affected four individuals, including three males and one 
female.  Other individuals with cut marks include an old adult male with a perimortem chop on 
the left inferior portion of the posterior articular facet of C2. Another individual is a young adult 
male with cut marks on the anterior portion of both left and right iliac crests. A second male, this 
one middle adult, has a cutmarks and crush wounds on the anterior portion of the right ilium. 
Finally, an old adult female has a puncture wound to the center of the left iliac blade, 
accompanied by cut marks with another puncture on the right ilium (Figure 4.28). 
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Figure 4.28  This picture shows the cut and puncture wounds on the right iliac blade of an old 
adult female (Burial 260). 
Injury Recidivism 
 Repeated injuries over time is called injury recidivism. In small scale societies, violence 
is often non-lethal and can be repetitive; victims may fall prey to injury on more than one 
occasion (Harrod, Liénard, and Martin, 2012).  At Hardin Village, there are five clear cases of 
injury recidivism, where an individual experienced trauma on more than one occasion.  There are 
two females with both cranial trauma and post cranial trauma.  One of these females is an old 
adult, while age could not be determined for the other. The remaining three individuals are adult 
males, two of whom are middle adults, and one is a young adult.  
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Adult Females 
The first adult female is Burial 260.  This individual has four antemortem, well healed 
cranial depression fractures, all of which occurred on the left side of the frontal (Figure 4.29). 
This individual also experienced perimortem cuts and punctures to the left and right ilium 
(Figure 4.28), possibly caused by the knife blade found within the pelvic cavity during 
excavation, as well as by an antler tine projectile point found commingled with the human 
remains during analysis. 
 
Figure 4.29  This photo shows the four cranial depression fractures (indicated by the arrows) on 
the frontal of Burial 260, an old adult female who experienced both perimortem and antemortem 
violence. 
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 A second adult female has four antemortem cranial depression fractures, and a 
perimortem chop mark to the fourth cervical vertebrae (Figure 4.30), the most posterior bone 
present for the individual – evidence of possible decapitation.  
 
Figure 4.30  This photo shows a chop mark on the left articular facet of the fourth cervical 
vertebrae (indicated by the arrow) of Burial 203. 
 
Adult Males 
 One middle adult male has perimortem cranial depression fractures and antemortem and 
perimortem post-cranial trauma.  Burial 317 has two perimortem cranial depression fractures – 
one of which bisects the roof of the right orbit and brow ridge (Figure 4.31) – and a perimortem 
cut to the right iliac blade (Figure 4.32).  There is also a well healed depression with smooth 
edges in the right iliac crest that appears to have healed around the shaft of a hafted weapon 
(Figure 4.33). 
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Figure 4.31  This photo shows a perimortem cranial depression fracture which bisected the right 
orbit of Burial 317. 
 
 
Figure 4.32  This photo shows the perimortem crushing injuries to the right iliac blade of Burial 
317. 
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Figure 4.33  This photo shows an antemortem injury to the right iliac crest of Burial 317, where 
it appears a hafted weapon bisected this portion of the ilium, and the bone healed around the 
shaft of that weapon. 
 
 Two additional adult males have antemortem cranial depression fractures and perimortem 
trauma to other portions of the skull.  Burial 14, a middle adult male, has one cranial depression 
fracture and perimortem cut marks along the nuchal crest and lambdoidal sutures, possibly 
evidence of scalping.  A young adult male, Burial 166, has three cranial depression fractures and 
a perimortem projectile injury to central frontal.  
Summary 
 The analysis of 403 individuals from Hardin Village revealed a population with a 
relatively normal distribution of males and females, with strong representation of young, middle 
and old adults. Individuals less than 18 years of age made up 47.9 percent of the remains 
recovered from the site.  Health and nutritional adequacy at the site appears to be poor, with 
nutritional deficiencies impacting all ages of the community.  Males had slightly more enthesial 
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development than females at the site but only one measurement was significantly more 
developed for males than females.  Both males and females appear to have a strongly developed 
iliopsoas marker, indicating that activities which activated this muscle group, like walking, 
running, and deep squatting, were completed frequently.  Males had a significantly higher 
development of the quadriceps tendon marker, which is used to swing the leg forward during 
activities like hunting, raiding, and warfare, which require walking and running.  Females had 
higher, though not significantly higher, development of the brachialis marker, which is used to 
pick objects up or push them away.  Sexual distribution of labor roles appears to have impacted 
the development of enthesial markers for males and females, with females favoring activities that 
developed the brachialis marker like harvesting, grinding nuts, seeds, and maize, and hide 
processing and caused squatting facets and accessory facets on the sacrum and ilium.  
 An analysis of trauma indicated that 14.4 percent of the individuals at Hardin Village 
experienced non-lethal trauma; 75.9 percent of those with non-lethal injuries experienced cranial 
depression fractures.  Lethal trauma occurred at a rate of 4.5 percent during the occupation of 
Hardin Village.  The presence of both lethal and non-lethal trauma indicates that victims likely 
experienced violent injury rather than accidental trauma.  Other contemporaneous Fort Ancient 
sites like Anderson and Madisonville experienced violent injury at rates of 6 percent and 6.9 
percent respectively, lower than the rates experienced at Hardin Village, and nearly significantly 
different rates between Hardin Village and Anderson (p = .059) (Drooker, 1996).  Among the 
Late Monongahela, who were contemporaneous with the Late Fort Ancient and occupied 
northeastern Ohio, western Pennsylvania, and parts of Maryland and West Virginia, 6.9 percent 
of the individuals recovered experienced violent injury (Wakefield-Murphy, 2017).  Eight 
individuals at Hardin Village experienced fractures of the long bones and axial skeletons that 
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may have been attributable to accidental injury.  These numbers are not included in the numbers 
of lethal and non-lethal injuries.  The results of this study are discussed in the following chapter. 
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CHAPTER 5: DISCUSSION 
 This project brings together the biological, archaeological, ethnohistoric, and ecological 
data from Hardin Village to explore the "abandonment" of the Middle Ohio River Valley after 
the 17th century.  Information about population demographics, health, and involvement in 
conflict along with mortuary data and ethnohistoric observations are used to further knowledge 
about population structure and group behavior in the Late Prehistoric and Protohistoric Periods 
of the Midcontinent.  The role of violence within the Middle Ohio River Valley is addressed, and 
comparisons between Hardin Village and other Fort Ancient sites as well as between Hardin 
Village and other cultures in the Southeast and Midcontinent are made. 
Population Structure and Environmental Impact 
The bioarchaeological analysis reveals that the mortuary population for Hardin Village is 
an accurate reflection of the living population of the site.  Almost all individuals received similar 
burial treatments, and no groups were confined to any one sector of the mortuary zone at the site 
indicating that there was no bias in burial location of the remains.  Demographic data of the 210 
adults recovered from the site do not indicate over or under representation of any one group. 
There are an almost equal number of males and females recovered from the site, and nothing to 
suggest higher morbidity for any of the adult age categories at the site.  There is also a total of 
193 subadult remains from Hardin Village, making up 47.9 percent of the remains from the site. 
Using the ratios to estimate fertility and juvenile mortality developed by Buikstra and colleagues 
(1986), juvenile mortality at Hardin Village is high compared the Late Fort Ancient sites of 
Madisonville and Anderson (Drooker, 1996; Essenpreis, 1978), while fertility is low compared 
to other Late Prehistoric sites, but moderate for Late Fort Ancient sites (Table 5.1).  
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Analysis of the grave goods of the population (Davidson, 2016) indicates some degree of 
gendered division of labor; females were more strongly associated with hide processing tools 
than males.  However, there are no obvious differences in status between males and females and 
the two potential higher status burials (graves lined with limestone slabs) were of one female and 
one male.  These two graves were located within the mortuary zone at the site and were not 
isolated from other burials or buried within a mound (Hanson, 1966).  This is consistent with 
archaeological analyses of the Fort Ancient, which suggest that social differentiation, even 
during the Late Fort Ancient Period was minimal and leadership positions were achieved rather 
than ascribed (Pollack and Henderson, 1992).  Subadult graves have the bulk of exotic grave 
goods (Davidson, 2016), particularly subadults associated with the later occupied village. 
Davidson's (2016) analysis shows a shift in marine shell grave goods between the 15th – 16th 
century village and the later occupied village, from female to subadult graves.  This pattern 
indicates that the social status or social role of subadults at Hardin Village may have changed 
through time.  The following section presents the specific bioarchaeological, environmental, and 
cultural data to demonstrate how resource stress and environmental instability impacted the 
Hardin Village community. 
Environmental Instability and Hardin Village 
Subsistence during this time period is primarily maize based, and the amount of maize in 
the diet increased from the earlier Middle Fort Ancient Period (Davidson, 2016; Cook et al., 
1999; Pollack and Henderson, 1992).  There is evidence (Davidson, 2016; Riordan, 2000) that 
agricultural yields were supplemented with hunted and gathered resources, perhaps to offset 
periods of crop failure.  These periods of crop failure and reduced crop yield likely would have 
increased in frequency during these two occupations of Hardin Village, which coincide with the 
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Little Ice Age (Anderson, 2001).  The Little Ice Age was a period of lower global temperatures 
that started ca. AD 1300 and immediately followed a period of warmer than average 
temperatures that would have been experienced by the Early and Middle Fort Ancient 
(Anderson, 2001).  Lower global temperatures would have also placed stress on hunted and 
gathered resources, limiting the amount of food that could be acquired.  Other climatic events 
such as severe drought, flooding from above average rainfall, and shortened summers would 
have also produced severe effects on the ability of Hardin Village and other Late Fort Ancient 
communities to acquire enough resources to sustain their population. 
This is coupled with increased population density amongst Late Fort Ancient settlements 
(Pollack and Henderson, 1992).  Late Fort Ancient settlements increased in size during this 
period, accommodating more people within single villages.  Archaeological evidence shows that 
structures also expanded to house more families within each structure.  Increased population 
density likely led to more infectious disease and increased difficulty procuring the resources 
necessary to support the population.  Skeletal evidence of infectious disease impacted 11.4 
percent of the population at Hardin Village, with localized infections being the most common. 
However, many infectious diseases do not leave skeletal evidence so the true rate at which 
infectious disease impacted the community is unknown. 
Evidence of nutritional stress at Hardin Village is revealed by the data on nutritional 
anemia which show that 27.5 percent of the population of Hardin Village was living with 
nutritional stress at the time of their death.  The results of analysis on nutritional anemia indicate 
that there are no differences in rates of nutritional anemia between the earlier and later 
occupations of Hardin Village.  Over the course of the occupation at Hardin Village, adults were 
more likely to show evidence of an active nutritional stress than subadults.  This is likely due to 
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the age at which most subadults died at Hardin Village, and related to concepts of frailty (Wood 
et al., 1992).  Frailty suggests that children without evidence of nutritional stress may have died 
before their bones could respond to the stress (Wood et al., 1992).  Males were more likely to 
have evidence of porotic hyperostosis that females at the site, which approaches statistical 
significance (p = .068), indicating that males experienced more resource stress than females.  
Additional lines of evidence from Hardin Village also support the idea that resources 
were difficult to come by during some periods of the occupation.  Two subadults less than five 
years of age show evidence of linear enamel hypoplasias on their deciduous anterior dentition, 
the crowns of which form in utero (Buikstra and Ubelaker, 1994).  As placental transfer of 
nutrients will continue at the expense of the mother's own nutritional needs (Lewis, 2007), the 
development of linear enamel hypoplasias in utero indicates severe nutritional distress on the 
part of the mother.  Two additional subadults less than one year of age show evidence of 
nutritional deficiency in the form of porotic hyperostosis.  Breast milk is able to supply nutrients 
to infants for several months after birth without need for additional dietary supplements (Lewis, 
2007).  Mothers continue to produce high quality breast milk, again at the expense of their own 
body's needs – breast milk that is unable to provide enough nutrition to prevent nutritional stress 
before weaning, as seen in these two cases, is an indication of the mother's severe nutritional 
distress (Lewis, 2007). 
Further, subadult mortality at Hardin Village is high compared to other Late Fort Ancient 
and Late Prehistoric sites (Table 5.1).  The juvenile mortality ratio of .7889 indicates that 78.9 
percent of subadults less than 10 years of age died by age 5.  The mortality ratio focuses on 
children between the ages of one and five, typically considered to be weaning ages (Buikstra et 
al., 1986; Lewis, 2007).  The weaning period introduces new foods into a child's diet and 
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exposes them to a variety of pathogens that affect the body's ability to fight off infections and 
absorb nutrients (Lewis, 2007).  The weaning experience in combination with resource stress 
might have been enough to make life tenuous and difficult to establish for young children, who 
would have died from a variety of illnesses and deprivation before evidence of such would have 
affected the skeleton.  
This profile does not include the 67 subadults (16.6% of the total population at Hardin 
Village) who died in utero or during their first year of life.  Thirty-nine of those individuals died 
while still in utero or within the first few weeks of life, 9.6 percent of the total individuals 
recovered from the site.  Subadult death during pregnancy and in the first few weeks of life is 
often due to either genetic or maternal influences during pregnancy (Lewis, 2007).  Death can be 
the result of low birth weight, prematurity, trauma, or other factors such as poor maternal 
nutrition during pregnancy. 
Average age at death at Hardin Village is low compared to other Late Fort Ancient sites 
(Drooker, 1996; Essenpries, 1982) – only the Anderson site has a lower average – and 
contemporary sites, but not quite as low as Late Contact Period sites from Florida and Georgia 
(Larsen, 1997).  Although this ratio does not account for children under age five, it does indicate 
that only half of the children who survived past weaning age lived past age 30.  The fertility ratio 
in combination with the juvenile mortality ratio shows less than 10 percent of the children born 
or conceived at Hardin Village lived past age 30.  
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Site Time Period Juvenile Mortality Fertility 
Anderson Late Fort 
Ancient 
.5455 .6038 
Hardin Village Late Fort 
Ancient 
.7889 .5361 
Madisonville Late Fort 
Ancient 
.5955 .3759 
Schlid Knolls A & B  Mississippian .5410 .4138 
FL & GA Late Contact  .7263 
Table 5.1 This table shows the data for juvenile mortality and fertility rates for some Eastern 
Woodlands sites.  Data comes from Buikstra et al., 1986, Drooker, 1996, Essenpries, 1982, and 
Larsen, 1997. 
Enthesial Development and Labor Demands at Hardin Village 
 Enthesial development at Hardin Village reveals that labor demands did not vary 
significantly between the sexes, but males and females may have been responsible for different 
tasks.  There were only a few differences in enthesial development between males and females at 
site, and only the difference in development of the quadriceps tendon marker is significantly 
different, even when controlling for age.  Other differences are not significant but do indicate 
that males had slightly higher development of enthesial markers than females, with the exception 
of the brachialis marker. 
 Males had a significantly higher mean score of the quadriceps tendon marker than 
females.  The quadriceps tendon connects the quadriceps femoris muscle group to the knee.  This 
muscle group is primarily responsible for extension of the knee, flexion of the hip, and 
stabilization of the patella.  It is used in running and walking to swing the leg forward for the 
next step.  This corresponds with a mean score of 2.1 for development of the iliopsoas, indicating 
high development.  The iliopsoas are also hip flexors, important for running, walking, and 
particular methods of deep squatting; they are used for flexion and rotation of the leg and 
abduction of the thigh.  
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Females had a higher mean score for the brachialis marker than males, though this 
difference was not significant (females: 1.45, males: 1.38).  This is the only mean score for 
which females scored higher than males.  The brachialis muscle is used for flexion of the elbow 
while the arm is in pronation or supination.  It is used for picking things up and pushing things 
away.  Females were also more likely to have squatting facets and accessory facets of the sacrum 
or ilium than males, but those differences were not significant.  
These sex differences, though mostly minor, reveal that males and females likely had 
different labor tasks assigned to them.  The significantly higher development of the quadriceps 
tendon marker among males along with overall high development of the iliopsoas marker 
indicates that males were more often involved in tasks that required lots of walking and running. 
Prehistorically, these tasks might have included hunting and being involved with raiding and 
warfare.  The higher development of the brachialis marker in females, along with the overall 
high development of the iliopsoas marker and more frequent occurrences of squatting facets and 
accessory facets indicative of squatting indicates that females were more often involved in tasks 
that required squatting and frequent bending of the arms.  These tasks might have included the 
gathering and harvesting of grown resources, the grinding of seeds, nuts, and maize, and the 
processing of hides.  
Despite sex differences in labor, these results indicate that both groups engaged in a 
similar amount of labor (though males were slightly more developed).  The results support the 
grave good evidence that females were engaged in the production of hides to a greater extent 
than males at the site.  That males and females did not engage in substantially different levels of 
labor indicates that despite differences in labor tasks, suggests that they had an equal role in the 
maintenance of the Hardin Village community.  All adults appeared to be engaged in labor 
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efforts within the Hardin Village community, which supports the idea that this community did 
not have ascribed social roles, but that social positions were achieved. 
The Role of Violence and Conflict at Hardin Village 
 The results of the trauma analysis show that violence at Hardin Village was a common 
occurrence, and often had lethal consequences for the adults at the site.  Lethal trauma occurred 
at a rate of 4.5 percent at Hardin Village.  Eighteen individuals at Hardin Village experienced 
trauma that occurred at or near the time of death.  Seven of those individuals experienced 
perimortem cranial depression fractures, blows which impacted the frontal bone, right and left 
parietals, and one blow to the top of the head along the sagittal suture, and could have occurred 
during hand to hand combat or if the attacker approached the victim from behind.  Perimortem 
wounds to the post-cranial skeleton included five injuries to the pelvis and hip area.  These 
injuries included three individuals who experienced cuts, stabs, and punctures to the ventral 
portion of the ilium and two individuals who experienced blunt force trauma to the hips – one of 
these injuries fractured the acetabulum.  Another individual experienced blunt force trauma to 
the femur just proximal to the patella, an injury which on its own is not fatal, but would have 
impacted that individual's ability to flee their attacker.  Two individuals also show evidence of 
chop marks on their C2 vertebrae, indicating an attempt to remove their heads.  As their heads 
were found associated with their body, the attempts seem to have been unsuccessful. 
Overall, 66 individuals at Hardin Village show evidence of traumatic injury, 8 of whom 
may have been injured as the result of an accident.  Non-lethal trauma occurred at a rate of 14.4 
percent. Fifty-eight of the individuals at Hardin Village experienced some type of violent injury. 
Many of those injured (n = 44) experienced blows to the head which caused cranial depression 
fractures.  These injuries are primarily non-lethal but see the analysis above of the lethal cranial 
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depression fractures.  The non-lethal fractures showed the same patterns as the lethal fractures, 
occurring primarily on the frontal, and left and right parietals. Archaeological evidence for the 
region reveals indicators that groups in this area are under fear of attack (Metress, 1971).  The 
lethal and non-lethal injuries provide additional lines of evidence that groups in the Middle Ohio 
River Valley were being attacked regularly.  
Warfare and Raiding 
Warfare and raiding are the likely sources of violent injury at Hardin Village. The results 
at Hardin Village are consistent with Milner's (1999) observations about prehistoric warfare and 
raiding within the Eastern Woodlands.  Warfare and raiding often occur as the result of an 
attempt to mitigate through violence real and perceived social pressures like unanticipated social 
change, climate instability, and inability to access enough resources (Ember & Ember, 1997; 
Schröder & Schmidt, 2001).  Warfare and raiding offer tangible benefits including physical 
resources and increased access to resources, and intangible benefits like perception of increased 
power over other groups which may be legitimized by real and perceived threats to life and 
resources (Schröder & Schmidt, 2001).  Raids produce a small number of victims in any 
individual attack, but frequent occurrences would lead to a large number of victims accumulating 
over time (Milner, 1999), increasing the persistence of violence in the social memory.  
Contemporaneous sites within the Fort Ancient region experienced similar, but lower 
rates of violent injury and death compared to Hardin Village. The Anderson Site, another Late 
Fort Ancient site, experienced violent injury and death at a rate of 6 percent, lower than Hardin 
Village’s 14.4 percent, approaching statistical significance (p = .059) (Drooker, 1996).  The rate 
of violent injury at Madisonville, another prominent Late Fort Ancient site, was 6.9 percent, 
again lower than the Hardin Village (Drooker, 1996).  Among the Late Monongahela, a group 
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contemporaneous with and geographical neighbors to the Late Fort Ancient, violent injury 
occurred at a rate of 6.9 percent (Wakefield-Murphy, 2017).  These rates indicate that individuals 
at Hardin Village experienced many more instances of violent injury than individuals at other 
Late Fort Ancient sites and other Late Protohistoric communities.  However, Hardin Village 
experienced lower rates of violent injury than Norris Farms Cemetery #36 where 34 percent of 
the individuals died violently (Milner, Anderson, & Smith, 1991). This suggests that the 
combination of resource stress and ongoing violence exerted more social pressure than either 
phenomenon alone. 
Injuries from raids may occur on the front, back, or sides of victims as some individuals 
may be attacked by surprise, injured as they are fleeing, and while still others may turn to face 
their attackers in defense of themselves or the group.  Males often face attack more frequently 
than females, but females are not off limits from aggression.  Individuals may be attacked many 
times over their lifespan, accumulating a number of healed injuries.  At Hardin Village, the 
violent injuries occurred over the entire course of occupation of the two villages.  Males and 
females were both victims of attack, though males were slightly, but not significantly, more 
likely to experience violent injury than females.  Injuries occur on the fronts, backs, and sides of 
the individuals being attacked.   
Adults from all age categories were victimized in attacks, though surprisingly only one 
subadult victim has been identified, an approximately fifteen-year-old of indeterminate sex with 
five cranial depression fractures that occurred at or near the time of death.  This seems to indicate 
that subadults were off limit from attacks at the village – they were either kept safe during raids, 
or not allowed to venture far from the village in case of attack – a role that was apparently 
respected by the perpetrators of violence at Hardin Village.  Archaeological evidence suggests 
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that subadults at Hardin Village had a special social role within the community (Davidson, 
2016), and other biological evidence shows that early life for children was fraught with 
difficulties outside of risk for violent attack.  
Hardin Village is not only the victim in violent attacks.  One individual (Burial 277) was 
buried with the heads of three other individuals, two of whom showed evidence of scalping.  At 
least on one occasion, individuals from Hardin Village were participating in raids against other 
communities.  Archaeological and bioarchaeological evidence also shows that violent attacks 
occurred among other groups within the region (Drooker, 1996; Essenpreis, 1982; Metress, 
1971).  Fortified villages and bioarchaeological evidence of violent attacks appear at 
Madisonville, the Anderson site, and the Buffalo site, all sites in the Middle Ohio River Valley 
(Drooker, 1996; Essenpreis, 1982; Metress, 1971).  The combination of the biological and 
archaeological data suggest that nascent warfare and raiding were frequent occurrences in the 
Middle Ohio River Valley for at least the span of occupation at Hardin Village.  Victims were 
males and females of any adult age.  There is no evidence that the remains were left exposed for 
any length of time, suggesting that victims were recovered quickly, and attacks likely occurred 
close to the village. 
Captive Taking 
Captive taking has repeatedly been identified as a major contributor to the abandonment 
of the Middle Ohio River Valley prior to European's arrival in the region.  Early ethnohistoric 
accounts of the Native America groups local to the region suggest that they were often the target 
of violence by outside groups (Warren, 2014).  The earliest accounts of Native Americans 
bought as slaves by Europeans were Shawnee (Starna and Watkins, 1991).  Captive taking and 
the presence of captives within Native American villages at contact is a continuation of long-
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standing practices of captive taking throughout the Eastern Woodlands (Starna and Watkins, 
1991).  Captives from nearly every major group show up in the ethnohistoric record (Lauber, 
1913) and there are ethnohistoric reports of captives being taken by nearly every major group 
(Smith, 1955).  Reports of Shawnees sold into captivity date back as early as the early 17th 
century, well within the time-span of Fort Ancient culture, as well as during the occupation of 
Hardin Village (Lauber, 1913).  Suggestions that the Iroquois would occasionally bring back 300 
– 400 Shawnee captives are likely hyperbole but serve to emphasize the prevalence of captive 
taking within the midcontinent during the Late Prehistoric and Protohistoric Periods (Lauber, 
1913: 29). 
Evidence from the earlier occupation suggest that captives may have been brought into 
the village.  There are significantly more females than males from that occupation.  However, 
females from that occupation did not bear the brunt of the labor, and there is no archaeological 
evidence to suggest that any individuals or groups of individuals were treated as anything other 
than community members.  Females from this occupation also have the same level of nutritional 
health and trauma as their male counterparts.  If captive females were brought into the village 
from outside, there is no evidence that they were treated poorly during their time at Hardin 
Village. 
Summary 
 The biological data from Hardin Village reveal information about how inhabitants at the 
village responded to environmental and social stressors.  Compared to other communities within 
the Eastern Woodlands, it appears that inhabitants at Hardin Village experienced some extreme 
periods of resource stress which led to high infant mortality, particularly during the weaning 
years, and a low average age at death.  Violence is a fact of life for villagers, who experienced 
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frequent violent raids that targeted adult males and females.  The use of violence at Hardin 
Village is similar to other communities within the Middle Ohio River Valley at the time period, 
and archaeological evidence of defensive architecture within the region suggests that aggression 
was an expected part of everyday life.   
 Violence, both perceived threats of violence and real acts of physical aggression, shaped 
how the Fort Ancient people, particularly those living at Hardin Village, experienced their world.  
Perpetrators of violence were motivated by the very real need to gain increased access to 
physical resources in an environment that was increasingly unpredictable but may have also been 
motivated to commit acts of violence to maintain some semblance of power and control in a 
rapidly changing world.  The victims and witnesses to that violence responded by altering their 
space to better protect themselves, by engaging in warfare and raiding themselves, and by 
ultimately abandoning the areas where they were most prone to becoming victims of violence. 
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CHAPTER 6: CONCLUSIONS 
 Archaeologists have put forth many theories about the abandonment of the Middle Ohio 
River Valley in the 17th century by the Fort Ancient culture, a once thriving set of interconnected 
communities that occupied the valley for more than 600 years.  However, their interpretations of 
this abandonment have often not included the important evidence that can be revealed by 
analysis of human skeletal remains.  This project sought to include this important line of 
evidence by investigating the biological aspects of the archaeological theories about 
abandonment – including resource depletion (Cook, 2017; Warren, 2014), raiding and warfare 
among indigenous communities (Milner, 1999; Warren, 2014), and excessive captive-taking 
from the region by other indigenous groups (Lauber, 1913; Redmond & Ruhl, 2002; Warren, 
2014).  This project addressed these theories by analyzing their biological correlates – poor 
health and nutrition, evidence of violence, and unequal representation of certain subgroups of 
people who were more likely to be targeted by captive-takers – from Hardin Village, a large Fort 
Ancient site located on the Ohio River. 
Contributions of Research 
 This study accomplished its goal of investigating the abandonment of the Middle Ohio 
River Valley by the Fort Ancient at the end of the Protohistoric Period.  The results provide 
biological data from the Hardin Village human burials and a substantial amount of new 
information that can contribute to future archaeological investigations.  The data presented here 
support most of the interpretations of the abandonment of the Middle Ohio River Valley – poor 
nutrition caused by resource depletion and environmental instability, raiding and warfare among 
indigenous communities, and some degree of captive taking between indigenous communities.   
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Contributions to Theory 
 This project contributes to the understanding of violence and abandonment in the past by 
showing how these topics work in concert with each other.  It shows that the effects of violence 
do not occur in isolation from other social pressures (Pauketat, 2009).  Violence is not an isolated 
occurrence that has no impact on other aspects of everyday life (Pauketat, 2009; Schröder, 2001).  
Instead, this project shows that violence is deeply connected to other social pressures like poor 
health, resource depletion, and climate instability.  This research establishes that people at 
Hardin Village were subject to multiple violent attacks throughout the Late Prehistoric 
occupations, including attacks that were fatal.  Violence had strong and lasting impacts on the 
everyday life of individuals at Hardin Village, ultimately being one cause of the abandonment of 
the site. 
Contributions to Methods 
 This project brought together methods in a novel way to investigate both poor health and 
violent injury at Hardin Village.  Prior studies at Hardin Village have primarily focused on poor 
health as a means to understanding everyday life at Hardin Village.  By investigating both 
biological indicators of poor health and biological indicators of violent injury together, this 
project was able to interpret how these factors played off each other to contribute to overall 
social change and morbidity and mortality at the site.  This project also addressed 
methodological concerns that have not been adequately addressed prior to this analysis.  Few 
archaeologists have discussed Fort Ancient burials in their analyses, and those that have discuss 
mortuary patterning and grave goods and not biological data.  The data presented here have the 
potential to push for new interpretations about the abandonment of the Middle Ohio River Valley 
and new understandings about the Fort Ancient lifeway at the end of the Protohistoric Period. 
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Contributions to Data 
Biological data are now available to support archaeological interpretations that violent 
attacks occurred during the Late Fort Ancient Period.  Archaeologists who assert that resource 
stress contributed to the abandonment of the Middle Ohio River Valley will also be able to use 
the data from Hardin Village to support those claims.  Finally, although ethnohistoric records 
(Lauber, 1913) claim that groups of people living in the Middle Ohio River Valley were subject 
to excessive levels of captive-taking by outside groups during the Late Prehistoric, the biological 
data from Hardin Village do not support this assertion.  While some evidence of captive-taking 
was found at the 15th century occupation, this evidence indicates that captives were being 
brought into the site rather than taken away.  Evidence of captive-taking does not carry over to 
the 15th – 16th century occupation. 
Implications of Research 
 This project provides motivation for more biological questions about the Fort Ancient 
people and complements previous studies by providing new lines of evidence about Hardin 
Village.  This dataset can provide the impetus for the reevaluation of Late Fort Ancient data to 
better contextualize why the Middle Ohio River Valley was abandoned after thousands of years 
of near constant habitation by indigenous communities. 
 The data from this study present a more complete picture of the abandonment of the 
Middle Ohio River Valley than studies which focused on violence or disease alone.  This project 
demonstrates the utility of a bioarchaeological approach to allow new and more nuanced 
interpretations of archaeological reconstructions of the end of the Late Prehistoric Period in the 
Middle Ohio River Valley.  The impacts of violence and resource stress in the wake of climate 
and cultural instability caused by the Little Ice Age and colonialism can further enhance the 
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interpretation of the impacts of these phenomenon on indigenous people living in eastern North 
America.  That these events contributed to the abandonment of the Middle Ohio River Valley 
provides insight into how abandonment can be used as an effective risk management strategy. 
 Finally, this project provides an opportunity to advance Fort Ancient archaeology within 
Midwestern archaeological research.  These results show that the Fort Ancient were more at risk 
for the negative consequences of environmental instability than other nearby groups who did not 
abandon their homelands.  Although the Fort Ancient are often less emphasized in Midwestern 
archaeology due to their juxtaposition with the more complex Mississippian groups and later 
contact era tribes, the Fort Ancient should be included more frequently in Midwestern 
archaeological and biological research.   
Future Directions 
 More bioarchaeological analysis is needed in Fort Ancient studies to better understand 
the role that poor health, nutrition, and violence played in Fort Ancient life.  Curated skeletal 
collections of Fort Ancient remains that have never been examined in this manner exist in 
museums and universities across the Midwest.  Future work that asks similar questions as this 
project at other sites would be beneficial to understanding how environmental and cultural 
change impacted other Fort Ancient communities.  Additional comparisons of Fort Ancient data 
to other regions would be beneficial to understanding how the Fort Ancient fared prior to 
abandonment compared to populations that either did or did not abandon their homeland.  
Finally, additional comparisons of biological data to other Midwestern groups will continue to 
contribute to nuanced archaeological reconstructions of the impacts that environmental 
instability and contact had upon the indigenous population of North America. 
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APPENDIX A: DATA COLLECTION SHEETS 
 
 
  
Associated Post-Crania Y N 
    
CRANIAL DATA SHEET 
 
Site Name   ______________  Burial # ______________  Project ID ______________ 
              
Recorder ______________  Date  ______________  Collection ______________  
                     
           Age         
    Buikstra and Ubelaker (1994) / Meindl and Lovejoy (1985)      
             
 Open  Minimal Closure  Significant Closure Completely Obliterated Unobservable  
  (0)  (1)       (2)  (3)   (9)   
___ 1. Midlambdoid   ___ 2. Lambda  ___ 3. Obelion    
___ 4. Anterior Sagittal   ___ 5. Bregma  ___ 6. Midcoronal   
___ 7. Pterion    ___ 8. Sphenofrontal  ___ 9. Inferior Sphenotemporal   
___ 10. Superior Sphenotemporal ___ 11. Incisive Suture  ___   12. Anterior Median Palatine Suture 
___   13. Posterior Median Palatine Suture ___ 14. Transverse Palatine Suture ___ 15. Sagittal   
___ 16. Lambdoid   ___ 17. Coronal         
             
Vault (1-7) ________   M  U  Lateral-anterior (6-10) ________ M U 
Complete Skull (1-17) ________   M  U           
Comments:                   
                     
           Sex         
        Buikstra and Ubelaker (1994)        
              
 Female  Probable Female   Indeterminate Probable Male  Male   
  (1)  (2)       (3)  (4)   (5)   
Nuchal Crest ________    M  U  Mastoid Process ________  M U 
            
Supra-Orbital Margin   ________   M  U  Supra-Orbital Ridge ________  M U 
                
Mental Eminence   ________   M  U           
                   
Comments:                   
                   
          Dental         
        Goodman and Rose (1991)        
TOTAL # LEHs present ________                
Tooth # _________ Distance from CEJ  _________ Total Crown Height _________   
Tooth # _________ Distance from CEJ  _________ Total Crown Height _________   
Tooth # _________ Distance from CEJ  _________ Total Crown Height _________   
Tooth # _________ Distance from CEJ  _________ Total Crown Height _________   
Tooth # _________ Distance from CEJ  _________ Total Crown Height _________    
(Attach additional sheet if necessary for additional LEHs)  
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CRANIAL DATA SHEET 
 
 
Trauma  
Cranial Depressions 
Shallow Deep    l  w  d Antemortem Perimortem 
           
Depth  Location  Size (mm)  Type 
Slight  Moderate Severe  0 1 2 3 
            
  Severity     Stage of Healing  
Comments:            
         
Shallow Deep    l  w  d Antemortem Perimortem 
           
Depth  Location  Size (mm)  Type 
Slight  Moderate Severe  0 1 2 3 
            
  Severity     Stage of Healing  
Comments:           
        
Shallow Deep  l  w  d Antemortem Perimortem 
         
Depth  Location   Size (mm)  Type 
Slight  Moderate Severe  0 1 2 3 
          
  Severity     Stage of Healing  
Comments:           
        
Shallow Deep  l  w  d Antemortem Perimortem 
        
Depth  Location   Size (mm)  Type 
Slight  Moderate Severe  0 1 2 3 
            
  Severity     Stage of Healing  
Comments:           
        
Shallow Deep  l  w  d Antemortem Perimortem 
        
Depth  Location  Size (mm)  Type 
Slight  Moderate Severe  0 1 2 3 
          
  Severity     Stage of Healing  
Comments:           
        
Shallow Deep  l  w  d Antemortem Perimortem 
        
Depth  Location  Size (mm)  Type 
Slight  Moderate Severe  0 1 2 3 
         
  Severity     Stage of Healing  
Comments:           
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CRANIAL DATA SHEET 
 
 
Trauma  
Other Fractures 
     x  Antemortem Perimortem 
           
Fracture Location  Size (mm)   Type 
Slight Moderate Severe  0 1 2 3 
         
 Severity    Stage of Healing 
Comments:          
         
     x  Antemortem Perimortem 
           
Fracture Location  Size (mm)   Type 
Slight Moderate Severe  0 1 2 3 
         
 Severity    Stage of Healing 
Comments:          
         
     x  Antemortem Perimortem 
         
Fracture Location   Size (mm)   Type 
Slight Moderate Severe  0 1 2 3 
       
 Severity    Stage of Healing 
Comments:          
        
     x  Antemortem Perimortem 
        
Fracture Location    Size (mm)   Type 
Slight Moderate Severe  0 1 2 3 
         
 Severity    Stage of Healing 
Comments:           
        
     x  Antemortem Perimortem 
        
Fracture Location  Size (mm)   Type 
Slight Moderate Severe  0 1 2 3 
       
 Severity    Stage of Healing 
Comments:           
        
     x  Antemortem Perimortem 
        
Fracture Location  Size (mm)   Type 
Slight Moderate Severe  0 1 2 3 
       
 Severity    Stage of Healing 
Comments:          
          
 
116 
 
 
  
CRANIAL DATA SHEET 
 
 
Pathology 
Cribra Orbitalia Porotic Hyperostosis       x  
        
Nutritional Anemia  Location   Size (mm) 
Slight Moderate Severe   Active   Healing Healed 
         
 Severity     Stage of Healing  
Comments:          
          
Cribra Orbitalia Porotic Hyperostosis       x  
        
Nutritional Anemia  Location   Size (mm) 
Slight Moderate Severe   Active   Healing Healed 
         
 Severity     Stage of Healing  
Comments:          
          
        x  
        
 Other  Location   Size (mm) 
Slight Moderate Severe  0 1 2 3 
        
 Severity     Stage of Healing  
Comments:          
          
        x  
       
 Other  Location   Size (mm) 
Slight Moderate Severe  0 1 2 3 
        
 Severity     Stage of Healing  
Comments:           
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                    Associated Crania   Y N 
 
                      
 
        POST CRANIAL DATA SHEET         
 
                          
 
Site 
______________  Burial #   ______________   Project ID ______________   
Name                               
 
                 
 
Recorder ______________  Date ______________   Collection ______________  
 
                          
 
            Age            
 
       Todd (1920) / Brooks and Suchey (1990) / Lovejoy et al. (1985)         
 
                        
 
I  II  III   IV V    VI VII VIII  IX   X  
 
(18-19) (20-21) (22-24)  (25-26) (27-30) (30-35) (35-39) (39-44)  (44-50) (50+)  
 
                      
Pubic Symphysis ______________                M U 
 
                        
 
Phase 1   Phase 2   Phase 3    Phase 4    Phase 5  Phase 6  
 
M (18.5) R (15-23)  M (23.4) R (19-34)  M (28.7) R (21-46)   M (35.2) R (23-57)  M (45.6) R (27-66) M (61.2) R (34-86) 
 
                     
 
Pubic Symphysis ______________                M U 
 
                    
 
Phase 1  Phase 2 Phase 3 Phase 4    Phase 5   Phase 6 Phase 7 Phase 8  
 
(20-24)  (25-29)   (30-34) (35-39) (40-44)  (45-49)  (50-59) (60+)  
 
                     
 
Auricular Surface ______________                M U 
 
                          
 
Comments:                          
 
                          
 
            Sex            
 
        Phenice (1969) / Buikstra and Ubelaker (1994)           
 
                        
 
Female          Ambiguous       Male     
 
(1)            (2)       (3)     
 
Ventral Arch ___________    M U   Subpubic Concavity ___________   M U 
 
                      
 
Ischiopubic Ramus ___________ M U               
 
                  
 
Female   Probable Female  Indeterminate  Probable Male  Male     
 
(1)      (2)     (3)  (4)    (5)     
 
Sciatic Notch  ___________   M U               
 
                          
 
Comments:                          
 
                        
 
           Stature            
 
                        
 
  Femur    M  U      Tibia     M U 
 
                    
 
Max length  ______ Stature ___________   Max length  ______  Stature ___________  
 
                       
 
Head diameter _______                     
 
                          
 
Comments:                          
 
                      
 
         Robusticity index            
 
                     
 
  Humerus    M  U      Femur     M U 
 
                
 
Least circum ______   Max length ______  A-P diam  ______  M-L diam ______ 
 
                   
 
Head diameter _______          Physiological length ______      
 
                 
 
  Robusticity ___________        Robusticity ___________     
 
                          
  
Comments:  
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POST CRANIAL DATA SHEET 
 
 
Entheses  
Marioiti et al. (2007)  
Low-Medium   High Very High Unobservable  
 
 (1)   (2) (3) (9)   
 
         
Humerus  Pectoralis major ______   M U 
 
         
  Deltoideus ______   M U 
 
        
 
  Brachioradialis ______   M U 
 
        
 
Radius  Biceps brachii ______   M U 
 
         
Ulna 
 Triceps brachii ______   M U 
 
         
 
 Brachialis ______    M U       
 
        
 
Femur 
 Gluteus maximus ______  M U 
 
         
 
 Iliopsoas ______    M U       
 
       
 
Tibia  Quadriceps tendon ______  M U 
 
           
Comments:          
 
         
 
     Musculoskeletal Stress Markers    
 
      Capasso et al. (1999)    
 
          
 
  Present    Absent Unobservable  
 
 (1)    (2) (9)   
 
        
  Poirier’s facet   ______   M U 
 
       
 
Femur  Peritrochlear groove ______  M U 
 
        
  Posterior cervical imprint ______  M U 
 
        
 
Tibia  Squatting facet ______   M U 
 
          
Sacroiliac  Accessory facets  ______  M U 
 
           
Comments:          
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POST CRANIAL DATA SHEET 
 
 
Trauma  
   x   Antemortem Perimortem 
         
Bone Location  Size (mm)   Type 
         
Slight Moderate Severe  0 1 2 3 
       
 Severity    Stage of Healing  
         
Comments:         
        
   x   Antemortem Perimortem 
        
Bone Location  Size (mm)   Type 
        
Slight Moderate Severe  0 1 2 3 
       
 Severity    Stage of Healing  
         
Comments:         
        
   x   Antemortem Perimortem 
        
Bone Location  Size (mm)   Type 
        
Slight Moderate Severe  0 1 2 3 
       
 Severity    Stage of Healing  
         
Comments:         
        
   x   Antemortem Perimortem 
        
Bone Location  Size (mm)   Type 
        
Slight Moderate Severe  0 1 2 3 
       
 Severity    Stage of Healing  
         
Comments:         
        
   x   Antemortem Perimortem 
        
Bone Location  Size (mm)   Type 
        
Slight Moderate Severe  0 1 2 3 
       
 Severity    Stage of Healing  
         
Comments:          
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POST CRANIAL DATA SHEET 
 
Pathology 
 
Generalized Localized        x  
           
Infection  Bone   Location   Size (mm) 
           
Slight Moderate Severe  0 1 2 3 
         
 Severity     Stage of Healing  
           
Comments:           
          
Generalized Localized        x  
          
Infection  Bone   Location   Size (mm) 
          
Slight Moderate Severe  0 1 2 3 
         
 Severity     Stage of Healing  
           
Comments:           
           
         x  
          
Other  Bone   Location   Size (mm) 
          
Slight Moderate Severe  0 1 2 3 
        
 Severity     Stage of Healing  
           
Comments:           
           
         x  
          
Other  Bone   Location   Size (mm) 
          
Slight Moderate Severe  0 1 2 3 
        
 Severity     Stage of Healing  
           
Comments:            
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APPENDIX B:  DATA COLLECTION MANUAL 
 
 
 
FIELD MANUAL 
 
NON-LETHAL VIOLENCE AND MUSCULOSKELETAL STRESS  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Department of Anthropology  
University of Nevada, Las Vegas  
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CRANIAL 
 
Age 
 
Buikstra and Ubelaker (1994) / Meindl and Lovejoy (1985)  
123 
 
CRANIAL 
 
Sex 
Buikstra and Ubelaker (1994)  
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POSTCRANIAL 
 
Age 
 
Todd (1920)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I (18-19): Symphyseal surface rugged, transverse by horizontal ridges 
separated by well-marked grooves; no ossific nodules fusing with the 
surface; no definite delimiting margin; no definition of extremities. 
 
II (20-21): Symphyseal surface still rugged, transverse by horizontal ridges, 
the grooves between which are, however, becoming filled near the dorsal 
limit with a new formation of finely textured bone. This formation begins to 
obscure the hinder extremities of the horizontal ridges. Ossific nodules 
fusing with the upper symphyseal face may occur; dorsal limiting margin 
begins to develop; no delimitation of extremities; foreshadowing of ventral 
bevel. 
 
III (22-24): Symphyseal face shows progressive formation of the dorsal 
plateau; presence of fusing nodules; dorsal margin gradually becoming more 
defined; beveling as a result of ventral rarefaction becoming rapidly more 
pronounced; no delimitation of extremities. 
 
IV (25-26): Great increase of ventral beveled area; 
corresponding delimitation of lower extremity. 
 
V (27-30): Little or no change in symphyseal face and dorsal plateau, except 
that sporadic and premature attempts at the formation of a ventral rampart 
occur; lower extremity, like the dorsal margin, is increasing in clearness of 
definition; commencing formation of upper extremity with or without the 
intervention of a bony (ossific) nodule. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VI (30-35): More difficult to appraise correctly; essential feature is 
completion of oval outline of symphyseal face. More individual variation 
than at younger ages; terminal phases affect relatively minor details. Also, 
tendency for terminal phase to be cut short. Increasing definition of 
extremities; development and practical completion of ventral rampart; 
retention of grandular appearance of symphyseal face and ventral aspect of 
pubis; absence of lipping of symphyseal margin. 
 
VII (35-39): Paramount feature: Face and ventral aspect change from 
grandular texture to fine-grained or dense bone. Changes in symphyseal 
face and ventral aspect of pubis consequent upon diminishing activity; 
commencing bony outgrowth into attachments of tendons and ligaments, 
especially the gracilis tendon and sacrotuberous ligament. 
 
VIII (39-44): Symphyseal face generally smooth and inactive; ventral 
surface of pubis also inactive; oval outline complete or approximately 
complete; extremities clearly defined, no distinct “rim” to symphyseal face; 
no marked lipping of either dorsal or ventral margin. 
 
IX (44-50): Characterized as well-marked “rim.” Symphyseal face presents 
a more or less marked rim; dorsal margin uniformly lipped; ventral margin 
irregularly lipped. 
 
X (50+): Rarefaction of face and irregular ossification. Symphyseal face 
eroded and showing erratic ossification; ventral border more or less 
broken down; disfigurement increases with age. 
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POSTCRANIAL 
 
Brooks and Suchey (1990)  
126 
 
POSTCRANIAL 
 
Lovejoy et al. (1985)  
127 
 
POSTCRANIAL 
 
Sex 
 
Phenice (1969)  
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POSTCRANIAL 
 
Buikstra and Ubelaker (1994)  
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   POSTCRANIAL 
Stature    
Genoves (1967)  
Femur   
Female 2.59 (maximum length) + 49.742 ± 3.816 
Male 2.26 (maximum length) + 66.379 ± 3.417 
Tibia   
Female 2.72 (maximum length minus tuberosity) + 63.781 ± 3.513 
Male 1.96 (maximum length minus tuberosity) + 93.752 ± 2.812  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Robusticity 
Bass (2005) 
 
Humerus 
least circumference of the shaft x 100  
maximum circumference of the shaft 
 
Femur 
anterior-posterior + mediolateral diameter of midshaft x 100  
bicondylar (physiological) length 
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POSTCRANIAL 
 
Enthesis 
Humerus 
Pectoralis major  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. The crest of the greater tubercle is: 
a – slight impression: only slightly raised and its surface is smooth. 
b – low development: only slightly raised and its surface is slightly irregular. 
c – medium development: raised and with irregular surface. 
 
2. high development: the crest is raised and its surface is rugose. 
 
3. very high development: the crest is very raised and rugose, often in the form of a 
lanceolate, olive leaf-shaped area, with well-defined margins and often grooved by 
a longitudinal fossa. 
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POSTCRANIAL 
 
Deltoideus  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.  
a – slight impression: the anterior and lateral crests of the deltoid tuberosity are only 
barely appreciable and the surface is smooth.  
b – low development: the anterior and lateral crests are not very marked and the surface 
may be rugose.  
c – medium development: the crests are well visible and the lateral one protrudes, slightly 
altering the profile of the bone; the surface may be rugose. 
 
2. high development: the anterior and lateral crests are raised and rugose. The lateral 
crest protrudes, altering the profile of the bone. 
 
3. very high development: the anterior and lateral crests are very raised and/or rugose, and the 
lateral crest is very protruding. 
132 
 
POSTCRANIAL 
 
Brachioradialis  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. 
a – slight impression: the latero-inferior margin is smooth.  
b – low development: the latero-inferior margin presents, anteriorly, a barely 
appreciable crest.  
c – medium development: the margin can present a flattened and rugose inverted “v” anterior 
zone, or a little crest curved or lipped anteriorly. 
 
2. high development: the latero-inferior margin presents a crest curved anteriorly. 
 
3. very high development: the lateral part of the inferior quarter of the bone is “sail-like” and 
presents a very developed crest curved anteriorly. 
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POSTCRANIAL 
 
Radius 
Biceps brachii  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.  
a – slight impression: there is only a slight swelling at the bicipital tuberosity, with 
smooth surface.  
b – low development: the bicipital tuberosity appears as an oval swelling with rounded 
margins; the muscle markings, in the form of surface irregularities, are weak and they 
are usually more evident on the medial margin.  
c – medium development: the lateral margin of the tuberosity is rounded, but the medial 
margin is more developed; the surface of the tuberosity is irregular and often grooved by 
a little longitudinal fossa or sulcus. 
 
2. high development: the tuberosity, especially the medial margin, is very prominent. The 
surface can be more or less rugose and may be grooved by a longitudinal fossa or sulcus. 
 
3. very high development: the tuberosity is very prominent and its margins, especially 
the medial, are very well developed and may form a raised border. 
134 
 
POSTCRANIAL 
 
Ulna 
Triceps brachii  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.  
a – slight impression: the posterior surface of the olecranon is rounded and presents only a 
few markings, generally in the form of longitudinal striae.  
b – low development: in lateral view, the angle between the posterior and superior surfaces of 
the olecranon tends toward a right angle, and vertical striae are usually present on the 
crest.  
c – medium development: the posterior and superior surfaces of the olecranon form a right 
angle, with evident muscle markings, generally in the form of longitudinal striae. 
 
2. high development: the posterior and superior surfaces of the olecranon meet to form a crest 
that is slightly raised with respect to the superior surface of the olecranon. Markings are 
visible on the crest, usually in the form of longitudinal striae or small ridges. 
 
3. very high development: the crest is raised and its surface is rough, usually with small ridges or 
incipient digitations. Often, true enthesophytes are present. 
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POSTCRANIAL 
 
Brachialis  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.  
a – slight impression: the ulnar tuberosity is only barely appreciable and its surface is 
only slightly irregular.  
b – low development: the tuberosity is in the form of an oval area, often slightly depressed at 
the centre  
c – medium development: idem, but a bit more raised and rugose. 
 
2. high development: the tuberosity presents well-defined margins and is very rugose. 
 
3. very high development: the tuberosity is very raised and rugose, possibly with very elevated 
margins. 
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POSTCRANIAL 
 
Femur 
Gluteus maximus  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.  
a – slight impression: the insertion area is barely perceptible to the touch and presents 
a smooth surface.  
b – low development: the insertion area is easily distinguished and the surface is generally 
rather smooth.  
c – medium development: the gluteal ridge is evident and its surface is irregular or rugose. 
 
2. high development: raised ridge with rough surface. 
 
3. very high development: well-defined and very raised ridge; there may be a deep and 
rugose fossa, with its medial border forming a crest. 
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POSTCRANIAL 
 
Iliopsoas  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.  
a – slight impression: the lesser trochanter presents rounded margins and the surface 
is smooth.  
b – low development: the lesser trochanter presents rounded margins (the medial one more 
sharply angled) and the surface has weak markings, generally in the form of transverse 
striae.  
c – medium development: the medial margin of the lesser trochanter is sharply angled and 
the markings (striae or rugosity) are evident. 
 
2. high development: the apex of the lesser trochanter may be flattened and the surface presents 
transverse striations; the medial margin is sharply angled, and the muscle markings (rugosity) 
may extend downward on the side of the lesser trochanter. 
 
3. very high development: the medial margin is lipped and the muscle markings (rugosity) can 
present an inferior extension on the side of the trochanter towards the femoral shaft. At times, 
the lesser trochanter may be flattened or have a very flattened and rugose superior facet. 
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POSTCRANIAL 
 
Tibia 
Quadriceps Tendon  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.  
a – slight impression: the tuberosity, consisting in a smooth superior part and an inferior 
part usually marked by longitudinal striae, does not interrupt the continuity of the shaft;  
b – low development: the superior part (smooth) of the tuberosity and the inferior part (with 
the longitudinal striae) are separated by a sulcus;  
c – medium development: the inferior part has a rough surface and there may be a lateral 
swelling. 
 
2. high development: a true crest is present at the proximal end of the inferior part of the 
tuberosity. 
 
3. very high development: the tuberosity presents a true crest, often running diagonally from 
the infero-lateral to supero-medial part of the bone, with incipient digitations. Often true 
enthesophytes are present. 
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POSTCRANIAL 
 
Musculoskeletal Markers 
Femur 
Poirier’s Facet  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Posterior Cervical Imprint  
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POSTCRANIAL 
 
Peritrochlear Groove  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tibia 
Squatting Facets  
141 
 
POSTCRANIAL 
 
Sacroiliac 
Accessory Facets  
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APPENDIX C: BURIAL DESCRIPTIONS 
Burial 1:  This individual is a subadult less than 2 years of age.   
 
Burial 2:  Individual is an adult female.  Individual shows signs of nutritional anemia with slight 
macro porosity at lambda. The nuchal crest area of the occipital is missing.  Oral health is poor, 
with caries present on all molars. Enthesial development is low.  Pubic symphyses were missing, 
and the auricular surfaces were damaged taphonomically.  Individual has a lytic lesion on the left 
zygomatic, approximately 1.5 mm deep.  There are also periosteal reactions on right femur and 
tibia.  Portions of a second individual were found commingled in this burial. 
 
Burial 2b:  Right lateral malleolus, right 1st rib, left 1st metatarsal, 1 proximal pedal phalanx, 1 
medial pedal phalanx, right 3rd metacarpal. 
 
Burial 3:  This individual is an infant less than 1 year of age.  The tympanic portion, squama, and 
petrous portion have fused on the right side, which occurs in the first year of life.  This burial 
was commingled with burials 5A and 5B, but the skull was labeled and curated separately. 
 
Burial 4:  Individual is a 45 – 49 years old male.  LEHs are present on maxillary right canine and 
mandibular left 1st incisor. AMTL and caries are also present.  Some OA is present in the form 
of schmorl's nodes on L2 – L4.  Both femurs and tibiae, and humeri are missing as well as the 
vault.  No signs of trauma or pathology on remaining skeleton. 
 
Burial 5A and 5B:  These two individuals are the commingled remains of two fetuses.  The ribs 
indicate there are two individuals due to the size and developmental differences.  One clavicle is 
at least 11 fetal weeks because it has taken on the s-shaped curve.   
 
Burial 7a: Individual is a young child, less than 5 years of age.  External auditory meatus is still 
open, but tympanic portion and petrous portion are fully fused.  Rib development matches an age 
of less than 5 years.  Individual was commingled with an older juvenile and a much older adult, 
burials 7b and 7c, respectively. 
 
Burial 7b: Burial 7b is a juvenile represented by skull fragments and portions of vertebrae and 
long bone epiphyses.  Size of epiphyses and thickness of cranial vault indicates bone could not 
belong to burial 7a. 
 
Burial 7c: Older adult commingled w/ burials 7a and 7b.  Individual is mostly fragmented with 
no skull or pelvis.  Individual has severe OA lipping and collapse of vertebral fragments and well 
developed entheses. 
 
Burial 8:  Individual is an 9-10-year-old child, as determined by dental development.  There is 
deep pitting in the roof of both orbits consistent with cribra orbitalia.  Individual has a wear score 
of 2-3 on adult lower incisors.  There is sclerotic bone growth on the proximal end of the left 
femur and a patch of reactive bone on the proximal midshaft of the right femur.   
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Burial 9:  Individual is a moderately complete old adult female.  The bones show good 
preservation.  She is healthy, with no obvious signs of trauma or disease.  She has some slight 
indications of osteoarthritis in the vertebral column and thorax. Oral health is moderate, with 
several teeth missing due to antemortem tooth loss. Dental wear is moderate, and there are 
several linear enamel hypoplasias and caries.  The bones of a fetus (2 long bones and 1 rib) in the 
first trimester and a cervical vert body of a child aged 2 – 4 years are also present. 
 
Burial 10a:  Burial represents the commingled remains of one young child 3-4 years old. Dental 
eruption was used to determine age.  All permanent teeth still in crypt, but crowns of maxillary 
incisors completely developed with no root development.  Twinned lower right I1, by fusion of 
root.  Age is supported by long bone development.  Individual has moderate – severe active 
cribra orbitalia on the right orbit.  Otherwise there is no obvious signs of trauma or disease. 
 
Burial 10b:  Individual is an older juvenile represented primarily by teeth, a petrous portion, and 
a sacral fragment.  Based upon dental development, individual is between 12 & 14 years of age.  
Root closure of the permanent canine is complete, the roots of M3 are not yet developed, and M3 
is unerupted. Petrous and sacral fragments do not reject the dental age. 
 
Burial 11:  Individual is a young adult of ambiguous sex.  No trauma or pathology.  Dens in 
dente in both mandibular p4s, and LEHs from p3 – p3 on the maxilla.  Classic Phase 1 pubic 
symphyses.  Erosion on back/left side. 
 
Burial 12:  Individual is a 35-39-year-old adult of ambiguous sex.  Skull characteristics suggest 
male while pelvic features suggest female.  There are no obvious signs of pathology.  There are 
several shallow cut marks on the frontal, parietals, and the occipital. These have been drawn, 
measured, and photographed. Pattern is suggestive of scalping, but shallowness suggests 
defleshing as a mortuary ritual.  Rest of skeleton shows no indication of defleshing marks.  
Erosion is on back/left side. 
 
Burial 13a:  Individual is approximately 12-15 years of age as determined by dental 
development.  M1 and M2 are fully erupted, but root closure is not complete on M2.  M3 is in 
crypt, and crypt is beginning to open. 
 
Burial 13b:  Young child, 4-5 years old, based on dental development.  Tibia fragments are 
bowed laterally. 
 
Burial 14:  Individual is an adult male between the ages of 35 and 39.  There are multiple 
shallow cut marks on the occipital and left parietal, indicative of either scalping or bone 
cleaning.  There are no other cut marks throughout the rest of the body.  C2 and C3 are fused at 
multiple points.  Femurs and tibiae seem to be missing.  Cranium is fractured, and bones of face 
are missing.  No erosion apparent. 
 
Burial 15:  Individual is a 3-4-year-old child with moderate PH & CO.  Remains are rather 
fragmentary.  No other obvious signs of trauma or pathology. 
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Burial 16:  This individual is a subadult aged 3 -4 years old.  The remains include a mandible and 
maxilla and very fragmentary post cranial remains. 
 
Burial 17:  Individual is a young adult between 25-29.  Not able to assign sex because skull and 
most of pelvis are missing.  Individual has localized infections in both fibulae and the right 
radius.  No skull is present. 
 
Burial 18a:  Individual is a young child 8 – 10 years of age.  Age determined by dental 
development:  permanent canines and premolars in crypt, permanent incisors erupted.  Individual 
has active PH with large macropores at lambda.  Individual also has a slight active periosteal 
reaction on the right tibia. 
 
Burial 18b:  This burial includes the right and left hands, some rib fragments, and arm bones of 
an adult.  All epiphyses are fused.  Humeri are broken, cannot do robusticity, pectoralis, or 
Deltoideus.  Other entheses: Brachioradialis: 1a; Biceps brachii: 1a; Triceps brachii: 2; 
Brachialis: 2.  No evidence of trauma or pathology. 
 
Burial 18-6a:  This burial is the skull of a juvenile of unknown age.  The skull is fragmented, and 
no teeth are present.  There is evidence of childhood nutritional stress, with active cribra orbitalia 
and porotic hyperostosis.  This skull was included with 18-6b. 
 
Burial 18-6b:  This individual is a middle adult, possibly male.  The skeleton is poorly preserved 
and is only partially complete. There are no obvious signs of trauma, and there is only slight 
osteoarthritic lipping in the femur. This individual was buried with the skull indicated by burial 
18-6a.  Also included is a portion of a human skull that was cut, with the edges ground.  May 
have possibly been a gorget of some sort. 
 
Burial 19:  Individual is of unknown age or sex.  Seems to be an old adult because entirely 
edentulous.  Preservation of this individual is poor, and no trauma or pathology were or could be 
observed. 
 
Burial 20:  This individual is a subadult between the ages of 12 and 15.  Age estimation was 
based on dental eruption and epiphyseal fusion.  There are no obvious signs of trauma or 
pathology.  The skeleton is nearly complete, but only moderately well preserved. 
 
Burial 21:  Individual is between 15 and 18 years of age.  No pathology or trauma. 
 
Burial 22A and 22B:  These are the commingled remains of two subadults aged 18 months – 2 
years.  There are two nearly complete frontal bones.  Both individuals have evidence of cribra 
orbitalia. 
 
Burial 23:  This individual is a subadult approximately 12 – 16 years of age. M2 has fully 
erupted, but M3 is still in the crypt.  Epiphyseal fusion supports an age between 12 and 16.  Sex 
is indeterminate due to age.  There are no obvious signs of trauma. Post cranial infection is low, 
there is only one area of localized periosteal reaction.  The cranium has a large lytic lesion 
affection both the endo and ectocranial surfaces with associated active periosteal reaction. 
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Burial 24:  Individual is an old adult female.  All long bones except fibulae are missing.  She has 
two button osteomas.  There is a large hole in the center of the frontal that looks like it could be a 
GSW, but edges are a different color, suggesting taphonomy – probably a probe.  There is some 
localized infection on both fibulae, with both lytic and sclerotic bone on both shafts.  She has 
slight osteophyte formation throughout the body, including the vertebral column.  No other signs 
of OA, and vertebral column is in otherwise good condition.  She also shows signs of moderate 
spina bifida occulta affecting S3 – S5. 
 
Burial 25:  Individual is an adult of indeterminate age and sex. Fragmentation and preservation 
make determining age and sex impossible.  However, edentulism and severe OA in some joints 
and vertebral column suggest an older individual.  Some bones were labeled as burial 29 but 
belong to burial 25 (note in bag).  Ribs were comingled w/burial 29. 
 
Burial 27a:  These are the very fragmentary remains of a neonate with the petrous portion not yet 
fused or fully developed. 
 
Burial 28A:  This individual is a subadult aged approximately 2 – 3.  Only skull fragments 
present. 
 
Burial 28B:  This individual is a subadult whose age cannot be estimate.  The remains consist of 
only skull fragments. 
 
Burial 29:  Individual is an adult aged 50-59.  Ribs are commingled with burial 25.  Unable to 
sex due to lack of sexable features.  Individual consists of pelvic fragments, a scapula fragment, 
both right and left distal ends of humeri, and right and left radii and ulnae.  No trauma or path.   
 
Burial 30:  This is the fragmentary and incomplete burial of a subadult aged 18 months – 2 years. 
 
Burial 31:  Individual is an adult male, age 39-45.  No trauma, healed slight PH.  No other 
pathology.  Arm bones unable to be scored for entheses or robusticity because of taphonomic 
damage. 
 
Burial 32:  This individual is an old adult.  The remains are very fragmentary. 
 
Burial 33:  Individual is a mostly edentulous old adult (60+) of indeterminate sex.  Individual has 
robust entheses in the lower arms and legs.  There is slight OA in the phalanges of the hands, 
metacarpals, and costal rib ends! OA is more severe in the cervical and lumbar verts. 
 
Burial 34:  Individual is an adult, possible female.  Cranial modification is present (see drawing).  
Other remains are very poorly preserved. 
 
Burial 35:  This individual is a perinate aged approximately 5 months in utero. 
 
Burial 36:  This individual is a subadult aged 12 – 18 months.  There is severe porotic 
hyperostosis on the right parietal along the sagittal and lambdoidal sutures. 
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Burial 37:  This individual is a subadult aged approximately 3 years. 
 
Burial 38A:  Individual is a subadult aged 12 – 18 months using dental and cranial development.  
Deciduous p3 is erupted, but root closure and formation is ~1/2 complete.  Incisor root formation 
not quite complete.  Deciduous p4 unerupted and in the crypt.  There is complete fusion of the 
petrous and tympanic portions of the temporal.  I2 and canine are fused.  There is no trauma or 
pathology. 
 
Burial 38B:  Subadult.  Bones include cranial fragments, fibula, radius, and femur.  Femur 
measures 7.38 cm. 
 
Burial 38C:  Unknown age.  Not an infant or small child.  Burial includes two rib fragments and 
a portion of a cranial vault.  There is evidence of CO, slight micro/macro porosity is visible in 
the roof of the orbits.  No visible signs of trauma. 
 
Burial 38D:  This burial is of a child approximately 2 – 4 years old. 
 
Burial 39:  Individual is a 45-49-year-old female.  There is some evidence of PH that is well 
healed.  There is one shallow, well healed CDF above the right eye.  Individual is nearly 
complete.  Both left and right distal radius and ulna have calluses that line up. 
 
Burial 40:  This individual is a subadult aged approximately 18 months.  There is porotic 
hyperostosis on the left parietal.  The fontanelle is still present.  Both left and right tibiae have 
plaques of reactive bone on their shafts. 
 
Burial 41: Individual is a middle-old (45-59) adult male.  He has one cranial depression fracture 
on the right parietal.  Individual has several large abscesses with AMTL on both mandible and 
maxilla.  He also has a broken and healed right proximal phalanx of the thumb.  Individual has 
moderate to severe spina bifida affected at least as high as S3.  The ends of both radii and ulnae 
have some swelling with some accompanying lamellar bone.  I suspect trauma rather than 
infection or pathology. 
 
Burial 42:  This individual is a juvenile approximately 12 – 15 years of age.  There is no trauma 
or pathology.  There is a slight enthesopathy of the fibula shaft.  There are robust muscle 
attachment points for this individual's age.  Very poor oral health. 
 
Burial 42A:  Individual is approximately 15 – 18 years of age (dental development: M3s in crypt 
but erupting).  Sagittal suture is already fused.  Initially I thought skull belonged to an older 
adult, but facial fragments belonging to an older subadult were able to be refit.  Individual has 
severe dental caries in the mandibular molars.  There is some PH on the occipital near 
lambdoidal suture.  It includes both macro and micro pores.  No other trauma or disease.  
Remains of a very young child were also included (radius, ulna, and a lower incisor that appears 
to be a Hutchinson’s incisor.) 
 
Burial 43:  This individual is a subadult aged 9 – 12 months. 
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Burial 44: Individual is an old adult female (60+).  She has two CDFs, one on the frontal and 
another on the left parietal.  Skeleton is very gracile.  There are minimal signs of OA.  The left 
tibia is bowed out laterally, with some torsion.  Bowing seems to be developmental, there are no 
signs of trauma.   
 
Burial 45:  Individual is an old adult (60+) female.  She has 2 CDFs on her frontal and R parietal.  
Both femurs and tibiae are missing.  Pelvis sex does not match skull sex, but advanced age may 
have caused the skull to develop more "masculine" features.      
 
Burial 46:  Individual is a young adult female.  o pathology.  There is a traumatic injury to the 
right maxilla that changed the shape of the dental arcade and reoriented the p4 and canine.  She 
also has a unique cranial modification for the area, cradle boarded, high occipital with a short 
vault anterior-posteriorly.  Looks very much like what's common in the southwest.  Entheses are 
generally poorly developed, except for the entheses of the lower left arm, which are well 
developed.  No other trauma or CDFs. 
 
Burial 47:  Individual is an adult male.  Sex assigned by cranial features.  The pelvis is too 
fragmentary and fragile to use for age and sex.  Most bones in this burial are too fragile to 
remove form bags and are very fragmentary.  Individual has moderate-severe healed PH.  Grave 
goods included a well-formed pipe. 
 
Burial 48:  Individual is a young adult female.  Entheses are very slight.  She has a generalized 
infection in the left fibula.  She also has large fovea capituses on both femoral heads.  There is 
protrusion on both left and right tibia towards the later side which matches on both tibia. 
 
Burial 49:  Individual is an old adult male with severe pathology throughout the long bones and a 
cranial depression fracture.   
Arms: 
L & R humeri:  no infection, lower limb is bowed anterior-posteriorly so that it rocks back and 
forth when head or distal end is depressed. 
R ulna:  PR, thickening of distal ½ of shaft, large callous with lamellar bone 
L ulna:  PR with porous, lytic bone.  Pores are large, some bordering on cavitations 
Legs: 
R Femur:  slight thickening of distal midshaft.  Pitting of medial articular facet (severe) 
L Femur:  Pitting (severe) on medial and lateral articular facets. 
R patella:  Enthesophytes and lipping, pitting on articular surface 
L patella: some lipping. Pitting of articular facet. 
R Tibia: Severe thickening of proximal ½ of midshaft.  Reactive sclerotic, lytic, and lamellar 
bone throughout.  Appears to be bowed medially (inward towards leg). 
L Tibia: Same as right. 
L & R Fibulae:  Shaft thickening, PR with lamellar and sclerotic bone 
OA on C3 – C6.  Bodies have evidence of lipping, and there is lipping on superior and inferior 
articular facets. 
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Burial 50:  This individual is a subadult aged 6 – 9 months.  There is active porotic hyperostosis 
above the right orbit. 
 
Burial 51:  These are the incomplete remains of a subadult aged 12 – 15 years.  The remains 
include the mandible, the frontal bone, and some long bone fragments. 
 
Burial 52:  Individual is a subadult age 9-10, based on dental development.  There is active CO 
in both orbits.  Right tibia seems much lighter than it should.  Remains were found in three 
locations, with a few fragments in a separate box, and the maxilla commingled with burial 54. 
 
Burial 53:  This individual is a subadult infant aged approximately birth – 2 months.   
 
Burial 54:  Burial is a middle adult female with no trauma.  The only pathology is healed PH on 
the parietals.  Everything but the vertebrae were analyzed on 6/7. Verts analyzed 6/8 
 
Burial 55:  This individual is a perinate. 
 
Burial 56:  Individual is a middle adult male. He has one cranial depression fracture that is long 
and narrow but is damaged on one end.  he also has what appears to be active PH on his 
occipital, and healed PH on his frontal and parietals. There is a severe periosteal reaction on his 
left fibula which also impacts the left tibia.  Some enthesial markers are robust. 
 
Burial 57:  Individual is an old adult female with severe osteoarthritis of the feet and vertebral 
column.  She is nearly edentulous.  Otherwise, no other pathology.  She has two cranial 
depression fractures near the back of the skull.  Bones are highly fragmented and poorly 
preserved. 
 
Burial 58A:  This individual is a subadult infant aged 3 – 9 months.   
 
Burial 58B:  This burial is of the very fragmented and fragile remains of an adult of unknown 
age or sex. 
 
Burial 59:  This individual is of a child aged approximately 1 year. 
 
Burial 60:  This individual is an infant aged 6 – 9 months.  The remains are very fragmentary and 
fragile. 
 
Burial 61:  This individual is an old adult female between the ages of 40 and 55+.  She had one 
small cranial depression fracture, just left of the midline of the frontal.  She exhibited poor dental 
health and showed evidence of linear enamel hypoplasias on the incisors and canines.  Also 
present is healed porotic hyperostosis and cradle boarding.  She had one fracture to the post-
crania, to the midshaft of the left tibia, which was completely healed with a large callous.  Also 
present were several vertebral pathological conditions including fusion of t6 and t7 at the spine 
and slight scoliosis of the cervical vertebrae. 
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Burial 62:  Individual is an adult o ambiguous sex.  The bones appear to have been 
taphonomically weathered prehistorically.  Weathering and soil staining is consistent throughout 
and cortical bone and soil staining occurs on weathered bone. 
 
Burial 63:  Individual is an incomplete, poorly preserved adult of indeterminate sex.  They have 
evidence of PH on the parietals, frontal, and occipital.  There is also evidence of bilateral TMJ.  
There appears to be an infection of the left tympanic area with an ossified bulla.  No other 
trauma or pathology. 
 
Burial 64:  Individual is an adult of indeterminate sex.  Moderately preserved.  The pubic 
symphyses and auricular surfaces of both pelves did not preserve.  Sciatic notch is very 
masculine, but skull is gracile and more feminine. 
 
Burial 65:  This burial is of the very fragmentary and poorly preserved remains of an adult.  The 
bone fragments are primarily cortical bone and skull fragments. 
 
Burial 66:  Individual is an adult male 30-34.  No trauma or pathology.  No humeri and most of 
skull is missing. 
 
Burial 67:  Individual is an adult male aged 30-39.  He has 2 cranial depression fractures both on 
the left side.  One is on the frontal and the other on the parietal.  Both humeri are bowed.  There 
is also a crescent shaped defect on the left clavicle.  No other trauma or pathology.   
 
Burial 68:  This burial is represented by the crushed, fragmentary, poorly preserved remains of a 
5-year-old. 
 
Burial 69:  This individual was a middle adult male between the ages of 30 and 35.  He stood 
between 5' 1" and 5' 7" tall.  This individual had overall decent oral health with six caries and 
two shed teeth.  Wear was low, with two abscesses and no linear enamel hypoplasias.  All teeth 
present showed evidence of calculus and the maxilla shows the beginnings of periodontal 
disease.  This individual suffered from one blow to the head and an attempted scalping.  There is 
evidence of healed scalping in the form of a large depression on the back of the skull on the right 
side.  The blow to the head was on the right side of the frontal.  The endocranial surface of the 
right parietal appears to have a lytic lesion just anterior to the healed scalping.  This individual 
also had a severe osteomylitic infection affecting both the left and right tibiae, as well as the left 
femur, several bones of the left foot, and the right patella.  In addition, porotic hyperostosis and 
cribra orbitalia are present, often severe, and still active.  The osteomylitic infection was active at 
death. 
 
Burial 70:  This individual is an adult of indeterminate age and sex.  Most of the pelves and the 
metaphyses of the long bones are missing.  The individual has severe-moderate infections in the 
lower legs and right forearms.  Bone growth from the infections is primarily lamellar with some 
cavitations which are nearly 3 mm deep in some areas.  No signs of trauma. 
 
Burial 71:  This burial includes the remains of two very small children.  It is likely that only a 
matter of a few months (and possibly birth) separate the two individuals. 
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Burial 71A:  This individual is represented by a left petrous portion, left temporal, left tibia, and 
left femur.  This individual is an infant less than one year old (the petrous and temporal have 
fused). 
Burial 71B:  These are the remains of a neonate/perinate represented by left and right unfused 
petrous portions and mandible fragments with no tooth crowns. 
Burial 72:  These are the remains of an adult, possibly female.  The bones are fragmentary, 
incomplete, and poorly preserved. 
 
Burial 73:  The individual from this burial is a subadult between the ages of 12 and 16.  There is 
slight cribra orbitalia on one orbit, otherwise no signs of trauma or pathology. 
 
Burial 74:  This individual is an adult, possible male.  Most of the skull features and some of the 
pelvic features are more masculine, but a few are indeterminate.  There is evidence of healed 
moderate PH.  The last joint on the pinky toe is fused.  No signs of trauma.  One LEH. 
 
Burial 75:  Individual is a 35-39-year-old adult of indeterminate sex.  There is no evidence of 
trauma.  There is healed PH on both parietals.  There is woven bone on the ventral surface of the 
left pubis.  There is also vert body expansion with collapse and wedging medially to the right.  
The inferior surface of these verts (l4 and L5) are deeply pitted, which does not affect the 
superior surface of the verts/sacrum they articulate with.  There is also a lesion that passes 
entirely through the proximal end of RMT3.  Margins are smooth. 
 
Burial 76:  This burial is the 75% complete remains of a child aged approximately 5 years.  
There is active porotic hyperostosis on the frontal.  There is no other pathology, and no trauma. 
 
Burial 77:  Individual is a young adult female with no trauma.  There is no cranial pathology.  
Both L and R fibulae have enthesopathies (or similar) with a pinched interosseous crest which 
may be developmental, or activity related.  No other pathology.  Entheses seem under developed, 
or not well developed. 
 
Burial 79:  These are the very poorly preserved long bone, pelvic, and mandibular fragments of 
an adult. 
 
Burial 80:  This individual is a middle adult male.  There are overall no signs of trauma or 
disease.  This individual has poor oral health and complete agenesis of the left second incisor. 
 
Burial 81:  Individual is a young adult (30 – 35) female with no indications of trauma.  There is 
some healed PH and OA in the lumbar and cervical verts, but it is slight.  There is mixed 
development of entheses.  No other pathology is present. 
 
Burial 82:  This individual is represented by only the cranium of an adult male.  There is one 
cranial depression fracture on the left parietal.  There is also healed, non-active porotic 
hyperostosis on both parietals.  There is evidence of cranial deformation of this skull. 
 
Burial 83:  This burial is very incomplete, and includes 6 cervical vertebrae, and both os coxa.   
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Burial 84:  This individual is an infant approximately 6 – 9 months old.  The bones are very 
poorly preserved. 
 
Burial 85:  Individual is a young adult female, no cranial trauma, but slight healed PH.  Possible 
trauma induced pathologies on both left and right femurs and left and right MT5.  Femurs look 
like cortical bone was foliated around the neck. 
 
Burial 87:  Individual is a young adult.  There is no skull, but C1 is present.  No trauma or 
pathology. 
 
Burial 88:  This individual is a moderately complete middle adult female.  The skeleton is 
moderately preserved.  She has two cranial depression fractures and a possible parry fracture to 
the left arm, all of which are well healed.  She also has healed porotic hyperostosis and a small 
area of active periosteal reaction on the fibula. There is a healed area of periosteal reaction on the 
tibia.  There is slight osteoarthritic lipping on the cervical vertebra bodies.  There is also an 
unusual downward angle to the ala on the sacrum. 
 
Burial 89A:  This individual is a young adult.  The remains are fragmentary and less than 10% 
complete.  These were commingled with the fetal bones of Burial 89B. 
 
Burial 89B:  This burial is of a fetus commingled with the fragmentary remains of Burial 89A. 
 
Burial 90:  Individual is an approximately 15 year old, based upon dental development and 
epiphyseal fusion.  There are no signs of pathology or cranial trauma.  There is one perimortem 
chop mark on the back of the left humerus.  I examined this chop mark using a stereoscope at 
32x magnification to test its validity.  There is no discoloration to suggest it is taphonomic 
damage, and the margins of each mark are sharp and smooth w a v/shaped profile.  It does not 
seem to be carnivore damage.  There are no other similar marks.  It was a common practice to 
"manipulate" and even break limbs to position the body before burial.  Perhaps this is the case? 
 
Burial 91:  Individual is an adult, possibly an older adult due to cranial suture closure, most of 
which has been obscured by refit.  Indeterminate sex, skull suggests male, sciatic notch suggests 
female.  May be female due to tendency of cranial traits to become more masculine post 
menopause.  Individual has a very clear case of DISH affecting L3 – L5.  There is also one 
perimortem blunt force trauma injury affecting the distal femur proximal to the condyles and 
patella.  Slight healed PH is also present. 
 
Burial 92:  This burial consists of the long bones of an adult individual.  This individual had 
robust muscle attachment points throughout the legs.  The tibia and fibula have been affected by 
some sort of infection (possibly treponemal), and that infection is beginning to affect the femur. 
 
Burial 92A:  This individual is an old adult female.  She is completely edentulous.  The 
individual is showing moderate to severe osteoarthritic activity in the lumbar verts and 
acetabular fossa.  Both of the individual's femurs are significantly bowed, perhaps from an 
earlier nutritional deficiency like Rickets.  She has one broken and long healed rib, and large 
muscle attachment points on the femur. 
152 
 
 
Burial 93:  Individual is an old adult female.  No signs of cranial trauma or pathology.  The left 
tibia was broken and malaligned, which caused the tibia to heal with a callous affecting the entire 
distal ½ of the bone.  It also caused the left tibia to be 1.7 cm longer than the right.  There is no 
indication of accompanying pathology.  There is severe OA in the lumbar verts and moderate-
slight OA in the thoracic verts.  No other pathology or trauma.  No teeth. 
 
Included in this burial are fragments of a R&L ulna, one right patella, and two verts from another 
individual. 
 
Burial 94:  Individual is a middle adult male with one cranial depression fracture on central 
frontal.  There is evidence of healed Ph and CO.  No post cranial trauma, but evidence of 
infection in L&R arms. 
 
Burial 95:  This individual is a subadult aged 10 – 12.  There are three lesions on the frontal that 
complete pass through the bone.  These lesions are round, with smooth margins.  There is no 
evidence of porotic hyperostosis or cribra orbitalia.  There is no trauma or other pathology. 
 
Burial 96:  This burial is the mostly fragmentary legs, feet, and left radius and ulna of an adult.  
There is no trauma or pathology evident. 
 
Burial 97:  Individual is an old adult female.  No cranial trauma.  Slight healed PH on both 
parietals.  There is no indication of post cranial trauma.  One thoracic vertebra has a lesion which 
passes through the entire body.  Entheses are under developed.  No other pathologies. 
 
Burial 98:  Individual is a middle adult female with no signs of pathology.  There is a break of 
the right tibia that is healed with a large callous.  There is no indication of infection with the 
break, and the fibula is not impacted.  Two thoracic vert bodies have lateral expansion to the left 
of their articular surface, probably traumatic in origin. 
 
Burial 99:  These are the highly fragmented, poorly preserved leg bones and thoracic cavity of a 
subadult.  Bones are too fragmentary and incomplete to ascertain exact age, but the individual is 
not a very young or older subadult. 
 
Burial 100:  Individual is an adult female.  Only pathology is healed PH on left and right 
parietals.  One CDF on the frontal on the coronal suture.  Not other pathology or injury.  No 
enthesial development. 
 
Burial 102A:  Individual is an old adult male with no skull or arms, ribs, or verts.  Scapulae are 
present.  There is one perimortem injury to the iliopubic ramus.  This injury has some 
taphonomic damage, but the morphology suggests it was perimortem.  There is also some 
reactive bone on the right tibia.  No other trauma or pathology is present. 
 
Burial 102B:  This burial is the fragmentary remains of a subadult.  There are no features or teeth 
to use to estimate a more precise age, but the individual is not an infant or younger. 
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Burial 103:  These individuals are heavily commingled, but consist of at least three individuals. 
Burial 103A:  There are several fragments that are designated as Burial 103 only.  This includes 
rib fragments, skull fragments, and several vertebrae.  Osteoarthritis on the vertebrae are 
consistent with an older adult. 
Burial 103B:  This individual is identified by several long bone fragments, portions of both 
clavicles and scapulae, and the right pelvis of a middle adult of indeterminate sex.  
Burial 103C:  These are the fragmentary remains, including the flat bones of the cranial vault, 
fragmented left and right femora and humeri, and a left illium of an adult aged 35 – 39.  
 
Burial 104:  This individual is a neonate.  The remains are fragmentary and incomplete. 
 
Burial 105:  These are the very fragmentary, incomplete, and poorly preserved remains of a 
subadult aged approximately 6.   
 
Burial 106:  This individual is a subadult aged approximately 18 months.  Most of the remains 
are far too fragile to handle. 
 
Burial 107:  This burial is the skull, long bones, and thorax of a subadult aged approximately 18 
months.  There is no pathology or trauma.  The individual was buried with a decorated shell 
gorget. 
 
Burial 108:  This individual is an old adult, possibly female.  There are no obvious signs of 
trauma or pathology, however soil erosion has led to the loss of most of the cortical bone.  This 
individual is poorly preserved but is mostly complete. 
 
Burial 108A:  Individual is an old adult female.  She has 2 severe CDFs that are completely 
healed but passed all the way through the vault.  She also has signs of slight infection affecting 
the lower legs.  There is some evidence of OA in the lumbar region, but it is slight. 
 
Burial 109:  This burial is the fragmentary remains of a 3-year-old.  There is severe active 
porotic hyperostosis and cribra orbitalia.  There is no trauma and no evidence of infection. 
 
Burial 110A:  Burial 110A is the cranial fragments of at least two individuals, at least one of 
whom might be female. 
 
Burial 110B:  This individual is a child aged approximately 2 years.  The remains are very 
fragmentary, but fairly complete.  There is slight active PH on both parietals. 
 
Burial 111:  These are the fragile and fragmentary, but nearly complete remains of a subadult 
aged 3 – 4 years.  There is no trauma or pathology.  This individual was buried with a worn mask 
gorget. 
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Burial 112:  Individual is a young middle adult (27-34) female.  She has TMJ in the left 
mandibular condyle and severe oral pathology.  Healed PH on occipital and two broken and 
healed left ribs. 
 
Burial 113:  This burial consists of the commingled remains of 2 infants. 
 
Burial 114:  This individual is a subadult between the ages of 12 and 16.  The bones are 
weathered due to exposure to flood water after the bones had been uncovered.   
 
Burial 115:  These are the very fragile remains of a neonate. 
 
Burial 116:  Individual is a middle adult male.  There is healed PH on frontal, occipital, and 
parietals.  Individual has 3 perimortem wounds, two cut marks on the ilia, and a green stick 
fracture of a right rib.  There is no other trauma or pathology. 
 
Burial 117:  These are the fragmentary and fragile remains of a subadult aged 3 – 4. 
 
Burial 118A:  This individual is represented by the skull and long bones of a perinate. 
 
Burial 118B:  This individual is represented by the mandibular canine of an approximately 10-
year-old. 
 
Burial 118C:  This individual is represented by two skull fragments and two long bone fragments 
from a neo/perinate.  The fragments are very fragile. 
 
Burial 119:  This individual is a subadult aged 4 – 5 years old.  The remains are fragmentary and 
very fragile. 
 
Burial 120A:  This individual is a subadult aged approximately 5 years.  Included are the skull 
and all cervical vertebrae. 
 
Burial 120B:  This individual is an adult skull, C1 and C2, and hand bones.  There is moderate to 
severe healed porotic hyperostosis on the occipital.  The brow ridges suggest a male individual, 
and the obliteration of much of the sagittal suture and dental wear suggest an older individual.  
This individual has TMJ disease with flattening of the right mandibular condyle and right 
zygomatic process.  There is a chop mark on the left posterior inferior articular facet of C2.  The 
left transverse process of C2 is also broken.  Both injuries appear to be perimortem.  There is 
damage of the left pedicle of C1 that also appears to be perimortem. 
 
Burial 120C:  This burial is represented by the skull fragments of an adult, possible male.  There 
is no trauma or pathology. 
 
Burial 121:  This individual is a neonate with one adult intermediate hand phalanx.  The burial is 
very fragmented. 
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Burial 122:  This individual is a subadult aged approximately 8 – 9 years old.  The post-cranial 
remains are too fragile to handle.  There is very slight evidence of active porotic hyperostosis on 
the right frontal. 
 
Burial 123:  Individual is an adult male in his 30s.  Most of the cortical bone on the arms and 
legs has foliated.  He has one cranial depression fracture that is healed, near the right eye.  There 
is also healed PH on the parietals.  There is also a sternal aperture.  No other trauma or 
pathology.  In general, bones are very large. 
 
Burial 124:  This burial consists of the very fragmentary remains of an 18-month-old subadult. 
 
Burial 125:  This individual is a subadult aged approximately 3.  The remains are very 
fragmentary. 
 
Burial 126:  These are the very fragile remains of a perinate. 
 
Burial 127:  This burial is the very fragmentary and fragile remains of a subadult aged 
approximately 15 years. 
 
Burial 128:  Individual is an adult male between 44 & 50.  He has severe arthritis in the lumbar 
and cervical verts with two cervical vertebrae completely fused.  There is slight-moderate OA 
with lipping at most joints.  Individual had a callous of reactive bone on the medial portion of the 
proximal right tibia.  It was not active and in the process of healing at the time of death.  No 
other pathology.  Individual has a single cranial depression fracture on the posterior aspect of the 
left parietal and a broken nose.  Both are well healed.  No other trauma. 
 
Burial 129:  Individual is an adult of indeterminate age and sex.  Only portion of skull present is 
the mandible.  No trauma or pathology.  Extra set of arms.  The bigger, more robust pair is extra, 
with different staining and in general more robust than the rest of the body.  No femurs, but other 
leg bones are present. 
 
Burial 131:  This burial is represented by the long bones of three adults.  There are three left and 
three right femurs, three right tibiae, two left and one right humeri, a left and right radius, a left 
ulna, and several unidentified long bone fragments.  There is also a right clavicle.  One humeral 
fragment is highly polished and was ground prehistorically.  There is evidence of wear at both 
ends. 
 
Burial 132:  These are the very incomplete and fragile remains of a perinate. 
 
Burial 132B:  This individual is represented by skull and long bone fragments of an adult, 
possibly male.  There is severe porotic hyperostosis on the right parietal and occipital. 
 
Burial 133:  This burial is the commingled, very fragmentary remains of both an adult and a 
subadult.  Most fragments are smaller than 1 cm. 
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Burial 134:  These are the very fragile long bone fragments and teeth of a subadult aged 
approximately 1 year. 
 
Burial 135:  This individual is an adult.  There are no features of the skull or pelvis available to 
estimate age or sex.   
 
Burial 136:  Individual is a young adult female.  She has no evidence of trauma and no cranial 
pathology.  Femurs and tibia are impacted by a severe infection which has caused onion-skin 
bone which has caused the shape of the bones to be altered. She also has a sacralized L5, which 
has fused at the ala/transverse processes.  No other trauma/pathology.   
 
Burial 137:  These are the very fragile and fragmentary remains of an infant less than one year 
old.  There is porotic hyperostosis on the parietals. 
 
Burial 138:  Individual is a young adult female.  No evidence of trauma.  Only pathology is PH 
on left parietal and an enthesophyte on right humerus.  Bones are overall complete and well 
preserved. 
 
Burial 139:  Two individuals, an adult male and an adult female.  Adult male has a severe 
perimortem blow to the left acetabulum. 
 
Burial 140:  These are the fragmentary remains of an infant less than one year old.  The petrous 
portion is not entirely fused to the temporal.  The remains consist of rib fragments, vertebral 
bodies, and a handful of skull fragments. 
 
Burial 141:  This burial consists of the legs, thorax, and shoulders of an adult.  There is moderate 
periosteal reaction on the anterior proximal right femur, and a severe periosteal reaction on the 
anterior proximal left femur. 
 
Burial 142: This burial consists of the tibia, fibula, and frontal bones of a perinate. 
 
Burial 143:  Individual is a nearly complete adult male aged 35-39.  Most of the skeleton is 
intact, but the bones have been severely damaged by weather.  Very little cortical bone remains, 
and what is present is extremely weathered. 
 
Burial 144a:  This individual is a juvenile aged 8 – 10 years, based on dental development.  
There is active cribra orbitalia in the left orbit.  There is green staining on the right mandible, 
right temporal, the base of the occipital, and right parietal.  Staining carries onto C1 and C2.  
Skull is not consistent in age with Burial 144b. 
 
Burial 144b:  This burial is a partially complete, poorly preserved young adult for whom sex is 
indeterminate.  There are no obvious signs of trauma or disease.  The skull of 144a does not 
match the age of the post cranial skeleton for Burial 144b.   
 
Burial 145:  Burial is composed of 4 individuals.  The main burial is an old adult female with OA 
in the toes and fibula (fusion and enthesophyte).  No trauma or pathology.  Burial 145A is an 
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adult represented by L&R patella, left clavicle, left talus, and left ramus.  Burial 145B are fetal 
remains including several UID long bone fragments, right temporal with no tympanic ring or 
petrous portion, and a left ilium.  Burial 145C is UID metatarsals and a patella fragment. 
 
Burial 146:  These are the fragmentary remains of an adult.  There are no skull fragments or 
pelvis, just long bone fragments, metatarsals, and half of C1.  C1 was broken taphonomically.  
No measurements can be taken or entheses scored.  There is not enough of each bone with 
cortical surface present.  There is no identifiable trauma or pathology. 
 
Burial 147:  These are the fragmentary remains of an adult of unidentifiable sex. 
 
Burial 149:  This burial consists of the post-cranial remains of a subadult. Some of the ribs have 
copper staining.  The staining is also present on the left clavicle and scapula.  There is no trauma 
or pathology.  There are no skeletal elements present that would allow for a more precise 
estimation of age. 
 
Burial 149A:  This burial is the skull and C6 – T2 of an adult.  The individual is probably an 
older adult due to the AMTL of all mandibular molars.  The right permanent mandibular canine 
never erupted, and the right maxillary deciduous I2 was never shed.  There is no trauma or 
pathology. 
 
Burial 150:  This burial consists of the skull and long bones of an adult.  The long bones are too 
fragile to handle.  There is healed moderate porotic hyperostosis on the left and right parietals.  
There is no other evidence of pathology.  There is one antemortem CDF along the sagittal suture, 
just superior to lambda. 
 
Burial 151:  This individual is a child aged 2 – 3 years.  The individual has a twinned deciduous 
mandibular left I2.  There is active, slight porotic hyperostosis at lambda. 
 
Burial 152:  These are the remains of a fetus.  The petrous portion has not finished ossifying. 
 
Burial 153:  This burial is represented by the pelvis, ribs, mandible, and long bone fragments of 
an old adult of unknown sex. 
 
Burial 154:  Individual is an adult with two chop marks on the frontal.  The cranial remains, C1, 
and C2 do not match the post cranial remains in taphonomy and preservation.  No other trauma 
or pathology. 
 
Burial 156:  Individual is an old adult of indeterminate sex.  One cranial lesion, one lesion on the 
left rib, and lesions and collapse of c5-c7 suggests TB.  No other trauma or pathology. 
 
Burial 157: Individual is a middle adult, probable male. Individual has one healed cranial 
depression fracture on the right parietal and moderate healed porotic hyperostosis. Very poor oral 
health was noted. There are enthesophytes on the left olecranon process and radial notch. 
Otherwise, there is no signs of trauma or disease. 
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Burial 159:  Individual is a middle adult, possibly male.  No trauma or pathology.  No complete 
bones. 
 
Burials 160, 162:  These are the incomplete, fragmentary, and commingled remains of two 
adults.  There is no way to estimate age or sex from either set of remains, and the taphonomy is 
consistent for all fragments.  There is no pathology or trauma.  Cannot take measurements or 
score entheses because of taphonomy. 
 
Burial 161:  This burial consists of the fragmentary remains of an adult.  There is no way to 
estimate age or sex, and there are no long bones.  No pathology or trauma is evident. 
 
Burial 163:  This burial consists of the mandible and post-cranial remains of a subadult aged 12 – 
15 years.  There is no trauma or pathology evident. 
 
Burial 164:  Individual is an old adult female.  She has severe OA in the lumbar spine, with 
wedging, collapse, and kyphosis.  Some vert bodies are cupped.  No other trauma or pathology, 
but skeleton is very incomplete. 
 
Burial 165:  This individual is a subadult aged approximately 7 years. 
 
Burial 166:  Individual is a middle adult male.  He has three healed cranial depression fractures 
ad one unhealed projectile/blunt force trauma, all to the same area of the frontal.  He also has 
moderate OA in the lumbar spine and a localized infection of the tibia.  No other trauma or 
pathology.  Individual is very robust with well developed entheses.  Mostly complete skeleton. 
 
Burial 167:  This individual is an adult female aged approximately 30 – 354 years.  The skeleton 
is approximately 40% complete with no arms, ribs, or thoracic and lumbar vertebrae.  Only C1 
and C2, the cranial vault, both femurs, tibia, and fibula are present. 
 
Burial 168:  This individual is a subadult not less than one year old.  The remains consist of skull 
fragments only. 
 
Burial 169:  Individual is an old adult male.  No trauma.  Only pathology is moderate healed PH 
and spina bifida completa.  Nearly 100% complete skeleton. 
 
Burial 170:  Individual is an old adult female.  Bones are poorly preserved.  Slight-moderate OA 
in thoracic and lumbar vertebrae.   
 
Burial 171: This individual is represented by long bone fragments of the tibia and fibula of an 
adult. 
 
Burial 172:  Individual is an old adult female.  There is no trauma or pathology.  Bones are in 
good condition. 
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Burial 173:  Individual is a 30 – 35-year-old male with severe osteoarthritis throughout much of 
the body.  There is a severe injury to his left elbow that caused a non-union fracture and 
eburnation with new joint formation but is not quite a pseudarthrosis.  
 
Burial 174:  This individual is a subadult aged approximately 10 – 11 years.  There is one major 
liner enamel hypoplasia on the maxillary left I1.  There is no trauma or pathology. 
 
Burial 175:  This burial is represented by the skull and long bone fragments from a fetus.  This 
burial is very poorly preserved. 
 
Burial 176:  These are the fragmentary remains of a subadult aged approximately 2 years. 
 
Burial 177:  This individual is a subadult aged approximately 15 years. 
 
Burial 178:  This burial is represented by 197 grams of unidentifiable human bone fragments – 
primarily trabecular bone fragments. 
 
Burial 179:  Individual is a middle adult female with no trauma or pathology.  Two 
enthesophytes are present, along with an incomplete sternal aperture.  Preservation is good, and 
skeleton is nearly complete. 
 
Burial 180:  This individual was a subadult approximately 6 years old.  There severe porotic 
hyperostosis on the occipital and both parietals. 
 
Burial 181:  Individual is a young adult of indeterminate sex with no trauma or pathology.  Legs 
are recorded on their own sheet.  Skeleton is nearly complete, but in very poor condition. 
 
Burial 182A:  This individual is a subadult aged 3.  All mandibular anterior dentition (except 
RI1, which is not present) are twinned.  Maxillary left and right canines are also twinned.  No 
maxillary incisors to determine if those are also twinned.  Rest of remains consist of cranial 
fragments. 
 
Burial 182B:  This burial consists of the proximal left femur of an adolescent with the head and 
trochanters unfused. 
 
Burial 183:  This individual is a middle adult male with no skull.  The rest of the skeleton is well 
preserved.  There is no trauma present.  However, there is moderate-severe osteoarthritis in the 
left elbow and spinal column.  There are no other pathological conditions. 
 
Burial 184:  This individual is a subadult aged 3 -4 years old.  There is no trauma or pathology 
present. 
 
Burial 185:  Individual is an adult male.  Remains are very incomplete, but include most of a 
skull and mandible, a left scapula, humerus, femur, a proximal right tibia, and a handful of UID 
long bone frags.  No trauma or pathology.  Also included are 5 neural arches and 2 deciduous 
p3s of a child aged ~1 yr. 
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Burial 186:  This individual is an infant. 
 
Burial 187A:  This individual is the post cranial remains of an old adult female.  There is no 
trauma or pathology.  The skull is missing.  Preservation is good.  At time of data collection, 
individual was stored in two separate boxes, with femurs and tibiae separate. 
 
Burial 187B:  This individual is a subadult aged approximately 6 months.  The remains are 
fragmentary and incomplete. 
 
Burial 188:  This individual was a subadult aged approximately 1 year.  The remains include a 
nearly complete skull, rib and vertebral fragments, and some long bone fragments.  There is no 
trauma or pathology evident. 
 
Burial 189:  This burial consists of the post-cranial remains of a subadult. 
 
Burial 190:  Individual is a young adult male with moderate healed PH.  No other pathology.  
Trauma includes a broken toe and a broken finger.  Bones are well preserved, and skeleton is 
nearly complete.  No legs or humeri, but maybe in the long bone boxes. 
 
Burial 191:  Individual is an adult of indeterminate age and sex, although the presence of severe 
OA in both the left knee and the vertebral column suggest old.  No trauma or other pathology.  
Skeleton is 75% complete with moderate preservation. 
 
Burial 192:  This individual is a subadult aged 18 months.  The remains are fragmentary and 
incomplete. 
 
Burial 193:  This individual is represented by cranial fragments from a subadult aged 
approximately 7 years.  There is moderate porotic hyperostosis on the occipital. 
 
Burial 194:  This burial consists of the skull and pelvic fragments of a subadult aged 
approximately 5 years.  There is slight, active cribra orbitalia in the left orbit. 
 
Burial 195:  This individual is a subadult aged 3 years.  The remains are nearly complete, but are 
fragmentary and poorly preserved. 
 
Burial 196:  Individual is a young adult female with no trauma or pathology.  She is complete, 
and very well preserved.  Found in grave are cranial fragments of a fetus or newborn, not any 
older than a perinate. 
 
Burial 197:  This burial represents the commingled remains of 2 subadults.  The younger 
subadult is approximately age 3.  This subadult has severe active cribra orbitalia in the right orbit 
and slight porotic hyperostosis on the occipital.  The older subadult cannot be aged beyond 
knowing that it is older than approximately age 3.  This individual has severe active porotic 
hyperostosis on the occipital. 
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Burial 198:  This burial is the very fragile remains of a neonate whose petrous portion has not 
finished ossifying. 
 
Burial 199:  These are the fragile remains of a neonate.  The petrous portion has not yet finished 
ossifying. 
 
Burial 200:  This individual is a very fragmentary, fragile, and incomplete perinate, 
approximately 40 weeks. 
 
Burial 201:  This burial is of the fragmentary, fragile, and incomplete remains of a child aged 3.   
 
Burial 202:  This is the skull of a child aged approximately 3 years.  There is no trauma or 
pathology evident.  There are also some rib fragments that are in very poor condition. 
 
Burial 205:  This individual is represented by the skull fragments of an adult.  The bones are in 
very poor condition. 
 
Burial 206:  Individual is a young adult female.  There is no trauma or pathology present.  
Skeleton is well preserved, and approximately 75% complete. 
 
Burial 207:  Individual is an old adult male with several rib lesions and two rib fractures. There 
are also lesions of the fibula, and a collapsed thoracic vert.  No other trauma or pathology. 
 
Burial 208A and 208B:  These burials are represented by the commingled remains of two 
subadults aged approximately 3 years.  There are many repeated elements in the burial, but 
otherwise the remains are indistinguishable from each other. 
 
Burial 209:  These are the very fragile remains of a neonate. 
Burial 210:  This burial is the cranial fragments of a subadult aged 3 years.  There is one row of 
linear enamel hypoplasias across all anterior teeth – LEH location indicates a stress in utero or 
very shortly after birth. 
 
Burial 211:  This individual is represented by the partial skull of an adult.  There is not enough of 
the skull to assess age or sex. 
 
Burial 213:  This burial is the skull and rib fragments of an approximately 15-year-old.  There is 
healed porotic hyperostosis on left and right parietals.  There is no other pathology, and no 
trauma. 
 
Burial 214:  Individual is an old adult female with one healing cranial depression fracture to the 
nuchal region.  No other trauma.  She is edentulous and has moderate OA in the cervical and 
lumbar spine.  Preservation and completeness are good. 
 
Burial 215:  This burial is the fragmentary remains of an approximately 12-year-old subadult.   
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Burial 216:  This individual is a child aged approximately 3 years.  The remains consist solely of 
the skull. 
 
Burial 217:  Individual is a young adult female.  No trauma or pathology.  She is particularly 
gracile.  Skeleton is well preserved and nearly 100% complete. 
 
Burial 218:  Individual is a young adult male with no trauma or pathology.  Skeleton is virtually 
complete and well preserved. 
 
Burial 219:  Individual is a middle adult male.  There is no trauma or pathology.  Skeleton is 
approximately 50% complete, with moderate-good preservation. 
 
Burial 220:  This individual is a fetus.  The remains consist of ribs, vertebral bodies, and neural 
arches. 
 
Burial 221:  Individual is a middle adult male with no trauma or pathology.  Skeleton is nearly 
complete, with moderate-poor preservation. 
 
Burial 224:  Individual is a young adult, possibly male.  No trauma or pathology.  Skeleton is 
nearly complete, and bones are in generally good condition. 
 
Burial 225:  All three individuals were buried with a bison bone, a shell bead bracelet, and an 
undecorated shell gorget. 
Burial 225A:  This burial is of the fragmentary remains of an infant with no skull. 
Burial 225B:  This burial consists of the skull of a child aged 2 with active porotic hyperostosis 
affecting the frontal and parietals.  There are no post-cranial remains. 
Burial 225C:  This individual is a child 6 – 9 months old, represented by a very fragmentary and 
fragile skull. 
 
Burial 226:  This burial is represented by skull fragments and C2 & C3 of an adult.  M3s are 
present, but are not yet fully erupted, suggesting a young adult.  C2 and C3 have perimortem 
breakage of the left and right transverse processes ad articular surfaces.  The damage lines up 
with the vertebrae are articulated, and the color consistency throughout suggests perimortem 
damage.  There is also trauma of the spinous processes of both vertebrae.  The mastoid process, 
nuchal crest, supraorbital ridges and margins suggest female.  There is no other trauma or 
pathology. 
 
Burial 227:  These are the fragmentary and incomplete remains of a subadult aged approximately 
2 years.  There is severe, active cribra orbitalia in the left orbit. 
 
Burial 228:  Individual is an adult male with no trauma or pathology.  Skeleton is nearly 
complete, but very poorly preserved. 
 
Burial 229:  These are the nearly complete remains of a subadult aged approximately 7. 
 
163 
 
Burial 230:  Individual is a 4 – 5-year-old child with no signs of trauma, disease, or indicators of 
nutritional deficiency. Age was determined using dental eruption. 
 
Burial 231:  This individual is the post-cranial remains of a young adult female with no trauma 
or pathology.  The only cranial bones present is the mandible.  The skeleton is otherwise nearly 
completely and excellently preserved. 
 
Burial 232:  Individual is a middle adult male with no trauma or major pathology.  Skeleton is 
nearly complete, but preservation is poor. 
 
Burial 233:  Individual is a young adult male with no trauma or pathology.  Skeleton is well 
preserved and nearly complete. 
 
Burial 235:  Individual is a female in her 40s.  No trauma or pathology.  Bones are in okay 
condition, but skeleton is less than 50% complete. 
 
Burial 236: Individual is an old adult male with very poor dental health.  There are three cranial 
depression fractures that are well healed. One fracture was on the orbital margin of the right eye, 
and likely impacted the individual's ability to see.  There is a broken and healed left radius and 
ulna, though both fractures healed malaligned. There is also one broken and healed left rib (R3-
9).  Individual suffered from ankylosing spondylolysis (or DISH).  Three thoracic vertebrae are 
completely fused and would have begun affecting vertebral rib ends.  Two additional vertebrae 
are not yet fused but have severe osteophytes and collapse of the vertebral body.  Additionally, 
the costal cartilage between the right first rib and the stern has completely ossified. 
 
Burial 237:  These are the remains of a neonate. 
 
Burial 238:  This individual is a subadult aged approximately 15 years.  Remains are very 
fragmentary.  There is some porotic hyperostosis (healed) on both the left and right parietals.  
There is no trauma or other evidence of pathology. 
 
Burial 239:  This burial consists of the skull of a subadult aged approximately 2 years. 
 
Burial 240:  Individual is an older adult male.  No trauma.  Moderate OA in the lumbar spine and 
healed PH.  Skeleton is well preserved and nearly complete. 
 
Burial 241:  This burial consists of the fragmentary remains of a subadult aged 3.  There is active 
porotic hyperostosis on the occipital and active cribra orbitalia in the left orbit. 
 
Burial 242:  This individual is a perinate.  The remains are far too fragile to be handled. 
 
Burial 243:  This burial is the very incomplete remains of a perinate/infant.  There is 1 ilium, 1 
ulna, and 5 unidentified long bone fragments. 
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Burial 244:  Individual is a subadult aged 15 years.  No trauma.  There is healing PH on the 
parietals and lesions consistent with TB on L2 and L4. Individual is nearly complete and well 
preserved. 
 
Burial 245:  This burial includes the C1, C2, C3 and hyoid of an adult with moderate 
osteoarthritis. 
 
Burial 246A:  This individual is represented by the cranial remains of a subadult aged 
approximately 9 – 10 years. 
 
Burial 246B:  This burial is the very fragmentary remains of a subadult aged approximately 1 
year. 
 
Burial 247:  This individual is an adult with no skull.  Age and sex are indeterminate.  There is 
no trauma or pathology. 
 
Burial 248:  This individual is represented by the very fragmentary remains of a skull and an 
upper molar from an adult. 
 
Burial 252:  This individual is an old adult female with no skull.  There is no trauma or 
pathology.  Muscle attachments are robust. 
 
Burial 253:  Individual is an adult, probably female.  No trauma or pathology.  Preservation is 
moderate at best, though the skeleton is nearly complete. 
 
Burial 255:  Individual is an adult, possibly old given edentulous status, of unknown sex.  There 
are no indicators of childhood stress and no signs of trauma.  There is one lesion to a lumbar 
vertebral body, and a severe infection of the left femur.  The skeleton is not very complete and 
may have been commingled with Burial 258. 
 
Burial 256:  Individual is an old adult female with no trauma.  There is one well healed cranial 
depression fracture on the right parietal that is deep and long.  No other trauma.  Skeleton is less 
than 25% complete and is poorly preserved.  Remains include a skull with no facial bones, a 
mandible, 2 fibula fragments, right and left ilia, ¾ of a left humerus, and a right radius and ulna. 
 
Burial 256B:  Individual is an adult, possibly male.  There is no trauma.  There is a healed 
infection in the right tibia.  Skeleton is approximately 25% complete, with good preservation. 
 
Burial 256C:  Individual is an adult, probably male.  There is healed PH that would have been 
severe when active affecting the entire vault.  There is also a healed cranial depression fracture to 
the left frontal.  Skeleton is approximately 20% complete and moderately preserved. 
 
Burial 257A:  This individual is a subadult aged approximately 15 years.  They have one linear 
enamel hypoplasia which occurs across all maxillary and mandibular anterior dentition.   
 
Burial 257B:  This individual is a fetus. 
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Burial 258:  Individual is a possibly middle adult of unknown sex. There are two well healed, 
large but shallow cranial depression fractures, as well as a possible fracture affecting the 
temporomandibular joint.  Injury to the TMJ caused alveolar resorption on the left mandible, but 
many of the teeth are still preset.  Localized infections are present on the right clavicle, right 
humerus, and on the left third metacarpal.  All three areas showed cavitation, in some cases 
passing entirely through the bone, with well rounded, well healed margins.  There is possibly 
some commingling with Burial 255. 
 
Burial 259A:  This individual is a young adult female.  Some of the epiphyses are still in the 
process of fusing. There is no trauma or disease. The skeleton is excellently preserved and is 
complete. 
 
Burial 259B:  This burial is of the nearly complete but fragmentary remains of a subadult aged 
approximately 15 years. 
 
Burial 260:  Individual is an old adult female.  She has four healed cranial depression fractures, a 
healed fracture to L5, and unhealed cut and puncture wounds to the left ilium.  There is evidence 
of early nutritional stress.  Individual has very rugose muscle attachments.  She has very poor 
dental health, with an edentulous mandible.   
 
Burial 261:  Individual is a middle adult male who is completely edentulous.  No trauma.  The 
only pathology present is slight healed PH.  Skeleton is less than 50% complete and bones are 
poorly preserved. 
 
Burial 262A:  This individual was a child aged approximately 5 years. 
 
Burial 262B:  This burial is the ribs and long bones of a fetus. 
 
Burial 262C:  These are the ribs and long bone fragments of a subadult older than 1 year of age, 
but less than 5. 
 
Burial 262D:  This burial is the ribs and pelvis fragments of an adult. 
 
Burial 264:  Individual is a young adult male with no trauma or pathology.  Skeleton is complete, 
but preservation is differential, from excellent to poor.  Individual was buried with two shell 
gorgets, one with a rattlesnake motif and another with a mask motif. 
 
Burial 265A:  This burial is of the skull fragments, ribs, and long bones of a subadult aged 
approximately 18 months – 2 years. 
 
Burial 265B:  This burial is of the mandible and long bone fragments of a subadult aged 
approximately 1 year. 
 
Burial 266: This individual is a subadult aged 5 years.  There is active moderate porotic 
hyperostosis on the occipital and both parietals and active slight cribra orbitalia in both orbits.  
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The post cranial remains except the long bones are highly fragmented, but the burial is nearly 
complete. 
 
Burial 267:  Individual is an old adult female with severe osteoarthritis in right knee and foot.  
No other trauma or pathology.  Individual is approximately 75% complete, but poorly preserved. 
OA:  Severe OA of the right knee, affecting distal femur, proximal tibia, and patella.  There is 
severe lipping on all three bones, with eburnation and porosity on the lateral articular facets of 
both tibia and femur.  There is also sever OA of the right MT1, affecting the distal portion.  
There is major lipping and slight eburnation. 
 
Burial 269:  Individual is an old adult of indeterminate sex.  Most of the vault is missing.  There 
is a healed, severe infection in the right tibia and moderate OA in the left foot.  No trauma.  
Skeleton is approximately 90% complete, with moderate preservation.  There is a right clavicle, 
capitate, pisiform, and UID tarsal fragment from another individual. 
 
Burial 269A:  These are the fragmentary skulls and C3 vertebrae of two adult individuals, both 
possibly male.   
 
Burial 270:  Individual is a 12-15-year-old subadult.  There is several oral pathologies and one 
infectious lesion on the back of the left femur.  Very differential preservation.  Buried with a 
mask gorget. 
 
Burial 270A:  Individual is a middle adult, probably female.  No trauma or pathology.  Bones are 
in good-moderate condition, and the skeleton is mostly complete. 
 
Burial 271:  This individual was a subadult aged approximately 10 years. There is moderate 
porotic hyperostosis on the occipital. 
 
Burial 272A:  This burial is very incomplete and consists of the mandible and right os coxa of an 
adult.  The os coxa is missing its pubis. 
 
Burial 272B:  This individual is represented by the os coxa and arm bones of an adult. 
 
Burial 272C:  This burial is represented by vertebral fragments of an adult. 
 
Burial 272D:  This burial is represented by the long bone fragments from a fetus. 
 
Burial 273:  This individual is an adult aged 45 – 49.  Sex is indeterminate.  The skull is missing 
from this individual.  There is no trauma or pathology. 
 
Burial 274:  Individual is a young adult male with no trauma or pathology.  Skeleton is complete 
and well preserved. 
 274A:  Handful of hand and foot bones 
 274B:  Left MT5, right talus, left clavicle of an adult. 
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Burial 275A:  Represents the post cranial of an adult individual.  Most of the long bones are 
present, but no thorax bones are present except for a handful of vertebrae.  There is a perimortem 
blunt force wound to the greater tubercle of the left humerus.  No pathology.  No os coxae.  
 
Burial 275B:  Individual is a middle adult male.  Not trauma or pathology.  Approximately 50% 
complete, moderate preservation. 
 
Burial 275C: The individual is a young adult male.  There is no trauma or pathology.  Bones are 
well preserved, but skeleton is only 25 – 50% complete.  There is also a turned maxillary right 
third premolar. 
 
Burial 276:  The skull of an adult male of indeterminate age.  No trauma or pathology.  3 LEHs.  
It is possible that the bones of 275 and 276 belong to the same individual, original bone labels 
say "275,276" but long bones were labeled 275 and skull was labeled 276. 
 
Burial 278:  This individual is a neonate. 
 
Burial 279:  Individual is a late young adult (30 – 34), possibly male.  He has moderate external 
auditory exostoses on both ears.  He was buried with a portion of bear/deer skull with chop 
marks. 
 
Burial 280:  Individual is a middle adult female.  No pathology or trauma, except an 
enthesophyte on the right iliac blade. 
 
Burial 281: These are the incomplete and fragmented remains of an adult.  There is no means of 
determining age or sex from the remains.  The frontal fragment has several perimortem wounds. 
 
Burial 282:  This individual is a middle – old adult female with no skull.  The preservation is 
moderate, and other than the lack of a skull, the individual is nearly complete.  There is a slight-
moderate healed infection in both legs, with the right more severely impacted.  There is no 
trauma and no other pathology. 
 
Burial 283:  This burial is of a very young adult male with very poor oral health.  There are some 
signs of nutritional anemia and early childhood stress. A possible injury caused an infection in 
the left lower leg, affecting both tibia and fibula.  This individual has a culturally deformed 
cranium.  There are no other signs of trauma or disease. 
 
Burial 284:  Individual is a middle adult of indeterminate sex.  No cranium is present; the only 
portion of the skull present is the mandible.  Overall, the individual has good dental health.  
There are no signs of trauma or disease.  Quadriceps tendon and triceps brachii are particularly 
robust for both the individual and for the population. 
 
Burial 285A:  This individual is an adult whose remains consist of skull and long bone fragments 
in very poor condition.  There is one cranial depression fracture on the frontal fragment – it is 
perimortem with beveling and buckling on the endocranial surface. 
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Burial 285B:  This individual consists of a skull and teeth of an approximately 8-year-old 
subadult. 
 
Burial 286:  Individual is a very young adult, possible male.  No trauma or pathology.  Nearly 
complete, but very fragmented. 
 
Burial 286 (Different box):  Burial is a skull, C1, and C2 of an adult male.  No cutmarks on verts.  
There is also a frontal and occipital from another individual. 
 
Burial 287:  This individual is a subadult aged approximately 10 – 12 years. 
 
Burial 288A:  This individual is an adolescent approximately 15 years of age. 
 
Burial 288B:  This burial consists of the two vert bodies and a neural arch of an infant. 
 
Burial 289:  This individual is a subadult less than 3 years old.  The remains are very fragile. 
 
Burial 291:  This individual is represented by vertebral, pelvic, rib, and long bone fragments 
from an adult.  There is no trauma or pathology evident. 
Burial 292:  This individual is a subadult aged 3 – 4 years.  There is slight cribra orbitalia in the 
left orbit.  There is moderate porotic hyperostosis on the occipital near lambda.  There is copper 
staining on the left lower arm bones, probably from the 2 copper bracelets buried with this 
individual. 
 
Burial 293:  This burial is of the incomplete remains of a child aged approximately 5 years.  The 
remains include os coxa fragments, vertebral fragments, and a few skull fragments, including a 
maxillary M1 with incomplete root development. 
 
Burial 294:  Individual is an adult, probably male.  Exact age range is indeterminate due to 
preservation.  No trauma or pathology.  Skeleton is approximately 50-75% complete, with poor 
preservation. 
 
Burial 295:  Individual is an adult female between 35 and 39.  No trauma.  There is healed CO 
and slight reactive bone in left and right legs.  Skeleton has good preservation and is generally 
mostly complete. 
 
Burial 296:  This burial consists of the right tibia, fibula, and calcaneus of an adult. 
 
Burial 297:  Individual is a subadult aged approximately 15.  There is no trauma, but there is 
severe active PH on the occipital.  Skeleton is well preserved and approximately 75% complete. 
 
Burial 298:  This burial consists of the skull and long bone fragments of a subadult aged 
approximately 3 years. 
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Burial 299:  This burial consists of the skull and long bone fragments of a subadult aged 6 – 7.  
There is moderate, active porotic hyperostosis on the frontal and slight cribra orbitalia in the left 
orbit.  The humerus appears to be inflamed. 
 
Burial 300:  This individual is a child approximately age 6.  There is no cranial vault, only a 
mandible and maxilla. 
 
Burial 301:  This individual is an infant.  The remains are very fragmentary.   
 
Burial 302:  This individual is a subadult aged approximately 18 months. 
 
Burial 303:  This individual is a subadult aged approximately 8 years.  There is slight, healing 
cribra orbitalia in the left orbit.  There are two lesions on the left parietal which are round and 
appear to be erosive.  The more anterior lesion is 14.00 x 19.32 x 1.15 mm, while the more 
posterior lesion is 8.6 x 7.98 x .88 mm.  There are severe periosteal reactions on both tibia, with 
plaques of reactive bone and thickening of the shaft. 
 
Burial 304: Burial is an old adult male.  Skeleton is well preserved with a good level of 
completeness.  Individual has very robust muscle attachments and is overall healthy, with no 
indications of childhood nutritional stress. There is moderate osteoarthritic lipping to most of the 
articular surfaces throughout the skeleton.  This individual has one cranial depression fracture on 
the left side of the lambdoidal suture. 
 
Burial 305:  This is a perinate.  The petrous portion is not yet fused to the temporals and neither 
are the tympanic rings. 
 
Burial 307:  This individual is a nearly complete subadult aged 9 – 10.  There is a severe 
periosteal reaction on the right mandible affecting the premolars and the molars.  There is no 
other trauma or pathology evident. 
 
Burial 309:  This burial is the fragmentary remains of a subadult aged approximately 9 months. 
 
Burial 310B:  This burial is the fragmentary and incomplete remains of a child aged 
approximately 7 years.  This individual was commingled with burial 211, and a right mandible 
from an Adena site.  This individual was buried with a carved human skull fragment. 
 
Burial 311:  This is the skull and long bone fragments of a subadult aged approximately 2 years.  
The bones are in very poor condition. 
 
Burial 312A:  This individual is represented by the skull and long bones of a subadult aged 
approximately 2 years.  The long bones are very fragmentary. 
 
Burial 312B:  This individual is a perinate. 
 
Burial 313:  This individual is the fragmentary and very fragile remains of a subadult aged 
approximately 18 months. 
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Burial 314:  This burial consists of cranial fragments and teeth from a subadult aged 
approximately 4 years. 
 
Burial 315:  This burial is of a middle adult of indeterminate sex.  All the anterior dentition of the 
maxilla and all the molars of the mandible have been lost antemortem.  There are slight to 
moderate signs of osteoarthritis and some rugosity. 
 
Burial 316:  Individual is an old adult male with some healed PH and severe OA.  Entheses of 
arms are rather robust, with no trauma or other pathology.  Bones are moderately preserved, and 
skeleton is somewhat complete. 
 
Burial 318:  Individual is an old adult male.  There is no significant pathology, and two healed 
cranial depression fractures to the frontal.  No post-cranial trauma.  Bones are well preserved, 
and skeleton is nearly complete. 
 
Burial 320:  Individual is an adult female with no trauma.  Pathology consists of minor healed 
PH and some slight OA in the vertebral column.  Skeleton is nearly complete, but only 
moderately preserved. 
 
Burial 321:  Individual is a young adult of indeterminate sex.  There is one cranial depression 
fracture on the frontal.  There is no significant pathology present, but there are some osteophytes 
forming in the cervical and lumbar spine.  Skeleton is well preserved and approximately 50-75% 
complete. 
 
Burial 322A:  This individual is represented by 4 rib fragments, an M1 crown, proximal left 
radius, most of a left ulna, proximal right humerus, and right radius of an approximately 2-year-
old subadult. 
 
Burial 322B:  This individual is represented by a proximal left MT5, left MT1, 1 pedal phalange, 
left patella, right calcaneus, left proximal epiphysis of the tibia, left condyles and head of the 
femur, left and right distal fibular epiphyses, and a cuboid from an adolescent. 
 
Burial 322C:  This individual is represented by rib fragments, right MT4 and 5, a handful of 
pedal phalanges, right MC2, right clavicle, a right scapula fragment, right cuboid and calcaneus, 
and right and left ischiopubic rami of an adult male.   
 
Burial 323:  This individual is an adult female.  The remains are incomplete, and the post-cranial 
remains are very poorly preserved. 
 
Burial 324A:  This burial is a subadult aged approximately 15 years.   
 
Burial 324B:  This individual is a subadult aged 2 – 3 years.  Remains are incomplete. 
 
Burial 325:  This individual is an adolescent with only post-cranial remains.  There is no way to 
estimate age more precisely. 
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Burial 326:  These are the very fragile remains of a perinate.  The remains are incomplete and 
consist of long bone fragments from the legs, pelvis fragments, and some rib fragments. 
 
Burial 327.  This is the fragmentary remains of an adult.  There is no trauma or pathology 
identifiable.  This individual was buried with a cut and ground bone tube made from a human 
humerus. 
 
Burial 329A:  These are the very fragmented remains of a perinate or newborn. 
 
Burial 329B:  This is the nearly complete remains of a child, aged approximately 3 years. 
Burial 330:  These are the very fragmentary remains of a perinate. 
 
Burial 331A:  This individual is a young adult male approximately 25-29 years of age.  The 
skeleton is very well preserved and complete.  There is evidence of minor, non-active nutritional 
stress and excellent oral health.  There is one fracture affecting the right fibula.  There is also 
extensive osteomyelitis affecting the right clavicle, iliac crest, left femur, and left fibula. The 
infection may be the result of treponemal infection, or of unknown origin. 
 
Burial 331B:  This is the skull of a child 3 -4 years of age. 
 
Burial 332C:  This individual is an old adult, probably male.  The individual shows trauma in the 
form of one well healed cranial depression fracture and one well healed nasal fracture. There are 
no major signs of nutritional deficiencies in childhood.  There is evidence of a slight infection to 
the tibia, and age-related osteoarthritis affects the spinal column.  The individual is almost 
entirely edentulous.  The skeleton is very fragmented and only partially complete but does show 
evidence of robust muscle attachment points. 
 
Burial 333:  Individual is a middle adult male with two cranial depression fractures, healing 
colles fractures in both arms, OA in the hands, feet, and verts, and a lesion/tumor in C1.  No 
other trauma or pathology are present.  Skeleton is well preserved and nearly complete, except 
for long bones of legs and humeri. 
 
Burial 334:  These are the very poorly preserved and fragile remains of a neonate.  The petrous 
portion has not yet finished ossifying. 
 
Burial 335:  This individual is a subadult at least older than 8, due to fusion, but probably not 
older than 16.  Most of the body is missing.  The individual has an infectious lesion on a lumbar 
vertebra, which is also affecting S1. 
 
Burial 338:  This individual is a subadult aged approximately 4 years.  The remains are 
incomplete, and consist of the mandible, left temporal, left ilium, two rib fragments, and four 
long bone fragments. 
 
Burial 339:  This individual is represented by the fragmentary postcranial remains and a 
mandibular deciduous p3 of a subadult aged approximately 18 months – 2 years. 
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Burial 340:  This individual is a fetus. 
 
Burial 341:  This individual is a perinate.  The petrous portion is not yet fully fused to the 
squamous portion of the temporal. 
 
Burial 342A:  These are the fragmentary remains of an adult. 
 
Burial 342B:  This individual is a subadult aged approximately 18 months.  The remains consist 
of teeth and ribs. 
 
Burial 342C:  These are the long bone fragments of an infant. 
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